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ABSTRACT
INTERSPECIFIC VARIATION IN MORPHOLOGY AND SWIMMING
PERFORMANCE WITHIN SURFPERCHES (EMBIOTOCIDAE) FROM
CALIFORNIA
By Benjamin Michael Perlman
Surfperches are marine fishes that occupy nearshore habitats along the California
coast. Morphology was analyzed to determine if there were differences among 19
preserved species. Principal components analysis (PCA) was used to reduce the
dimensionality of the data. Morphological differences occurred among the 19 species.
ANOVA revealed a habitat effect on PC2, which described the angle of attachment of the
pectoral fin. Pearson correlation revealed that genetic relatedness decreased with
increasing morphological differences on PC1, which described aspect ratio and body
ratio. Based on PC2, four species were selected to conduct experiments on their
swimming performance. Ucrit and fin beat frequency were measured in a flume to assess
speed; flexibility was assessed via the body bending coefficient and the C-start escape
response. Species differences were observed in all swimming performance variables, yet
there were no tradeoffs in swimming fast versus maneuverability. Morphology seems to
describe only part of the story.
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PREFACE
The journal articles were written and formatted according to the publication
guidelines for the Journal of Morphology.
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INTRODUCTION
Surfperches are a diverse family of marine fishes. These nearshore fishes are
viviparous, giving birth to live young (Agassiz, 1853). With the absence of larval
dispersal, surfperches display a variety of morphological and physiological features to
avoid interspecific competition (Tarp, 1952; DeMartini, 1969). Occupying habitats that
include the surf zone, bays and estuaries, and kelp forests, surfperches have succeeded in
entering almost every niche of coastal habitat in temperate marine ecosystems of the
eastern Pacific (Allen et al., 2006).
With a range of hydrodynamic conditions in each habitat, fin morphology is
extremely diverse among the surfperches. They primarily use their pectoral fins for
locomotion, which is known as labriform swimming (Breder, 1926). Surfperches that
maneuver around a rock, kelp, or another object in a structurally complex habitat at slow
speeds have a particular fin morphology. Oar-shaped pectoral fin morphologies are
extremely useful for maneuvering, whereas pectoral fins with a long, tapered morphology
are useful for slicing through the water with fast velocities such as in the surf zone
(Wainwright et al., 2002).
By exploring the morphology of fin and body structures among the members of
the family of surfperches, we will be able to better understand how some of these
morphological characteristics may group within particular genera of surfperches.
Grouping surfperches into their most common habitats may also reveal one type of fin
and body morphology to be associated with a certain habitat. One objective of this study
is to determine which morphological characteristics vary among species within the
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family, and if those characteristics group with specific habitat associations and
phylogeny.
Another objective is to test whether or not differences in morphology of
surfperches translate to differences in their physiological abilities. Conducting
swimming performance experiments on live specimens will allow us to determine how a
particular form fits the function of surfperches. This is more commonly referred to as the
ecomorphological paradigm (Liem, 1991). Testing whether or not a potential tradeoff in
swimming speed versus maneuverability exists among four species of surfperches will
allow us to determine if this paradigm holds true. For example, surfperches that achieve
the fastest speeds would theoretically be less maneuverable than surfperches that have the
greatest body bending.
Understanding the swimming abilities, as indicated by the critical swimming
speed (Ucrit) and the C-start escape response, of surfperches will allow us to determine
where tradeoffs in performance occur. These potential tradeoffs may be the reason why
some surfperches do not have the capability to fill in certain ecological niches.
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CHAPTER 1: INTERSPECIFIC VARIATION IN FIN AND BODY
MORPHOLOGY WITHIN SURFPERCHES (EMBIOTOCIDAE) FROM
CALIFORNIA
ABSTRACT
Embiotocids are a group of near-shore fishes that overlap considerably in their
distributions. As a result, they are thought to partition themselves into relatively welldefined habitats. All embiotocids are labriform swimmers. The question here is whether
aspects of their swimming ability, inferred by fin and body morphology, are related to the
primary habitat of 19 embiotocid species, determined from a synopsis of multiple habitat
use studies. Phylogenetic relatedness was also investigated to determine if morphological
differences were correlated with genetic distance. The following variables were
measured from flat fins of preserved specimens: angle of the fin base with the long axis
of the body, fin length, fin surface area, and aspect ratio of the pectoral and caudal fins
(L2/SA). PCA was conducted to investigate relationships among these variables in terms
of habitat, and a Pearson correlation was conducted to determine phylogenetic
relationships. For all species, PC1 described the aspect ratio and body ratio, and PC2
described an inverse relationship between pectoral fin aspect ratio. ANOVA performed
on these PCs with species as a fixed factor indicated that there were significant
differences in fin aspect ratios and angles among species. With habitat as the fixed
factor, ANOVA revealed only PC2 to be statistically significant; PC2 exclusively
described the pectoral fin angle. Pearson correlation revealed that with increasing
morphological differences, as described by PC1, species decreased their genetic
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relatedness. Swimming performance studies were later conducted to quantify aspects of
swimming ability among species.
KEY WORDS: embiotocids; labriform; morphology; aspect ratio; body ratio; fin angle
INTRODUCTION
Surfperches (Embiotocidae) occupy a variety of nearshore habitats that
experience a range of oceanographic conditions (Allen et al., 2006). They have extreme
overlap in habitat ranges because surfperches are viviparous, meaning that they give birth
to fully-developed live young (Agassiz, 1853; Eigenmann, 1894; Tarp, 1952). Thus,
surfperches occupy their natal habitat through adulthood with minimal dispersal.
Surfperch habitats include kelp forests, rocky reefs, the rocky intertidal, the surf
zone and offshore demersal (DeMartini, 1969; Allen et al., 2006). Presumably to avoid
interspecific competition, surfperches undergo intense habitat partitioning (Tarp, 1952;
DeMartini, 1969; Hixon, 1980; Holbrook et al., 1985; Ebeling and Laur, 1986; Liem,
1986; Holbrook and Schmitt, 1992; Holbrook et al., 1997; Bernardi, 2005). For
example, it would not be unusual to find black surfperches (Embiotoca jacksoni) near the
holdfasts in a kelp forest and kelp surfperches (Brachyistius frenatus) in the canopy
portions of the same habitat (Tarp, 1952; Allen et al., 2006). Similarly, one typically
expects to find species such as barred surfperches (Amphistichus argenteus) in the surf
zone and pink surfperches (Zalembius rosaceus) in deeper, calmer waters such as
offshore demersal habitats (Tarp, 1952; Allen et al., 2006).
Habitats such as bays and estuaries, the canopy and holdfasts of kelp forests, and
the surf zone differ greatly in terms of the forces experienced at each (Allen et al., 2006).
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Calm conditions may be present on one day and then high-energy, wave-swept conditions
may be present on the next. Differences in morphology among surfperches may explain
how and why surfperches are able to occupy different habitats with changing
hydrodynamic regimes. This is more commonly known as the “Ecomorphological
Paradigm” (Liem, 1991). The paradigm states that an organism’s morphology should
reflect its habit and habitat.
This paradigm led to the hypothesis that embiotocids vary in aspects of their fin
and body morphology because they occupy different habitats. The first expectation
would be to observe variation in fin and body morphology among species. If so, one
would expect that those differences in fin and body morphology would translate to
surfperches occupying different habitats. Also, one would expect that surfperches with a
different fin and body morphology would have different phylogenetic relationships
because they are phenotypically and therefore genetically isolated from one another.
MATERIALS AND METHODS
Nineteen species of California surfperches were measured from the preserved
collection at the California Academy of Sciences in fall 2007 (specimens listed in
Appendix A). Three specimens per species were measured for a total of 57 specimens.
Each specimen was photographed, with the fish laying flat on a tray and the left side
exposed. All fins were fully splayed to make sure that the surface area of the median and
paired fins were displayed and completely intact.
Four morphometric variables were analyzed using Image J software (Figure 1).
The aspect ratio (AR) of the pectoral fin and caudal fin (length2/surface area) was
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measured as an indicator of thrust generation and propulsion, where a pectoral fin with a
greater aspect ratio is capable of moving greater volumes of water past its body
(Wainwright et al., 2002). For example, the high AR pectoral fin of a tuna allows it to
cruise through the pelagic oceans. At the opposite extreme, a bluegill sunfish has a low
AR pectoral fin, being equipped to maneuver around structures. Body ratio
(height/standard length) was measured to indicate body shape, where a high ratio
indicates a deep, ovate shape and a low ratio indicates a more elongate, fusiform body
shape. Assuming laminar flow over a fish with a deep-bodied shape, the separation point
of the boundary layer will cause turbulence to occur over much of the body, causing drag
(Vogel, 1994). The separation point of the boundary layer will be pushed farther back
along the body of a more streamlined fish, thus reducing the turbulence and drag forces
for a fish to reach faster speeds through the water (Vogel, 1994). The angle of
attachment of the pectoral fin, relative to the long axis of the body, was measured
because it reflects the ratio of lift to drag in thrust generation for the production of
forward locomotion. Lower angles are indicative of greater lift generation and,
theoretically, more efficient thrust propulsion (Vogel, 1994; Triantafyllou et al., 2000;
Walker and Westneat, 2000; Wainwright et al., 2002; Walker and Westneat, 2002;
Lauder and Drucker, 2004).
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caudal fin AR (L2/SA)

pectoral fin AR (L2/SA)

L
SA

snout

H

body ratio (H/L)
L

SA

L

pectoral fin angle
caudal peduncle

Figure 1.1. Four morphometric variables measured on each surfperch specimen
using Image J software. The aspect ratio (AR) was measured by the squared length
(L) divided by the surface area (SA) for the pectoral and caudal fins (fins outlined in
bold and shaded in gray). Body ratio was the height of the body (H) divided by the
length (L), in this case, the standard length, being the tip of the snout to the caudal
peduncle. The angle of the pectoral fin was measured at the insertion point on the
body relative to the long axis of the body.
A Principal Components Analysis (PCA) was conducted on the four
morphometric variables to reduce the dimensionality of the dataset. These variables were
assumed to be highly correlated with one another; therefore PCA transformed the data to
decorrelate the variables, thus providing more accurate estimates of the natural variability
in the dataset.
Species effect
To determine whether these aspects of fin and body morphology differed among
the 19 embiotocids, an analysis of variance (ANOVA) was conducted using the resultant
principal components (PCs) as the dependent variables. LSD post hoc tests were used to
determine which species were different.
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Habitat effect
To test for a habitat effect, each of the 19 species was placed into six discrete
habitat categories based on literature from 77 studies that ranged from 1966 to 2002
(Allen et al., 2006). The habitats were as follows: offshore demersal (n = 2), bays and
estuaries (n = 2), kelp forest (n = 2), rocky reef (n = 3), shallow rock and sand (n = 5),
and the surf zone (n = 5; Table 1.1). ANOVA was conducted using the average factor
scores of the species placed in each habitat grouping, followed by an LSD post hoc test to
determine where any significant differences occurred.
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Table 1.1. Common habitat associations for California embiotocid species.
Embiotocids were categorized into six discrete habitats based on 77 studies from
1966 to 2002 (Allen et al., 2006).
_______________________________________________________________________
Habitat

Species

Water motion_______

offshore demersal

Zalembius rosaceus

calm

offshore demersal

Hysterocarpus traski *

calm

bay and estuary

Amphistichus rhodoterus

calm/moderate

bay and estuary

Cymatogaster aggregata

calm/moderate

kelp forest

Brachyistius frenatus

moderate

kelp forest

Embiotoca lateralis

moderate

rocky reef

Hyperprosopon ellipticum

moderate/turbulent

rocky reef

Hypsurus caryi

moderate/turbulent

rocky reef

Micrometrus aurora

moderate/turbulent

shallow rock/sand

Damalichthys vacca

moderate/turbulent

shallow rock/sand

Rhacochilus toxotes

moderate/turbulent

shallow rock/sand

Phanerodon atripes

moderate/turbulent

shallow rock/sand

Phanerodon furcatus

moderate/turbulent

shallow rock/sand

Embiotoca jacksoni

moderate/turbulent

surf zone

Amphistichus argenteus

turbulent/wave-swept

surf zone

Amphistichus koelzi

turbulent/wave-swept

surf zone

Hyperprosopon anale

turbulent/wave-swept

surf zone

Hyperprosopon argenteum

turbulent/wave-swept

surf zone

Micrometrus minimus

turbulent/wave-swept

* Hysterocarpus traski lives in freshwater habitats, but was grouped into the offshore demersal
habitat due to similar calm conditions.
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Genetic effect
A molecular phylogeny exists for the embiotocids and is based on mitochondrial
cytochrome b and the 16S ribosomal gene region (Bernardi and Bucciarelli, 1999). To
test for any genetic effects, a Pearson correlation was conducted between the pairwise
species PC differences, which were the morphological differences, and the pairwise
genetic distances generated in the construction of Bernardi and Bucciarelli’s (1999)
phylogenetic tree (provided by G. Bernardi). A significant correlation between
morphological difference and genetic distance was interpreted as having explanatory
value.
RESULTS
Species effect
The four morphometric variables that were measured varied widely among the 19
species (Table 1.2). The mean angle of insertion of the pectoral fin ranged from 26° to
51° at the extreme ranges in this family. The highest mean value of the pectoral fin AR
(4.27) was almost double the lowest mean value (2.34); the highest mean value of the
caudal fin AR (1.36) was three-fold higher than the lowest mean value (0.44). The mean
value of the body ratio ranged from 0.36 to 0.50, roughly a 50% increase.

Table 1.2. Means ± SD of four morphometric variables from 19 species of preserved surfperches from the California
Academy of Sciences. Species are ranked by the pectoral fin angle (°) from lowest to highest. Values in bold are the
lowest and highest values for each morphometric variable.
Species
Pec. fin angle of attachment (°) Pec. fin aspect ratio (AR) Caudal fin AR Body ratio (height/standard length)
Hyperprosopon anale
4.19 ± 1.03
0.71 ± 0.14
26 ± 1
0.36 ± 0.02
Amphistichus argenteus
35.33 ± 0.58
3.16 ± 0.37
0.86 ± 0.25
0.41 ± 0.01
Amphistichus rhodoterus
39.67 ± 0.58
0.83 ± 0.08
0.45 ± 0.07
2.34 ± 0.35
Brachyistius frenatus
40.33 ± 0.58
2.72 ± 0.55
0.71 ± 0.10
0.41 ± 0.02
Amphistichus koelzi
40.33 ± 2.08
2.92 ± 0.22
1.10 ± 0.16
0.49 ± 0.02
Micrometrus aurora
40.67 ± 1.15
4.07 ± 0.06
0.90 ± 0.48
0.37 ± 0.01
Hyperprosopon ellipticum
42 ± 2.65
3.87 ± 0.65
0.70 ± 0.35
0.42 ± 0.08
Hypsurus caryi
42.33 ± 1.15
2.97 ± 0.44
1.05 ± 0.30
0.41 ± 0.02
Hyperprosopon argenteum
43 ± 2.65
3.12 ± 0.19
0.43 ± 0.02
1.36 ± 0.22
Phanerodon furcatus
43.67 ± 3.06
3.74 ± 0.91
0.59 ± 0.15
0.42 ± 0.01
Micrometrus minimus
44.67 ± 2.08
3.08 ± 0.21
1.21 ± 0.61
0.49 ± 0.02
Phanerodon atripes
45 ± 2.65
0.39 ± 0.07
4.27 ± 0.48
0.44 ± 0.02
Embiotoca jacksoni
45.67 ± 1.53
4.08 ± 0.60
0.93 ± 0.54
0.50 ± 0.02
Cymatogaster aggregata
46 ± 2
2.63 ± 0.46
1.06 ± 0.34
0.37 ± 0.03
Embiotoca lateralis
46.67 ± 1.53
2.90 ± 0.22
1.33 ± 0.36
0.47 ± 0.00
Rhacochilus toxotes
48 ± 2
3.47 ± 0.57
0.69 ± 0.16
0.40 ± 0.03
Hysterocarpus traski
49.33 ± 3.06
3.15 ± 0.32
1.25 ± 0.38
0.47 ± 0.06
Damalichthys vacca
51.33 ± 0.58
4.24 ± 0.61
0.93 ± 0.38
0.43 ± 0.01
Zalembius rosaceus
3.14 ± 0.13
0.66 ± 0.23
0.43 ± 0.05
51.33 ± 1.53
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In the principal components analysis, all four morphometric variables loaded on
PCs 1 and 2, which accounted for nearly 70% of the variability (Table 1.3). Thusly, PCs
3 and 4 were not included in the data analysis. PC1 described a negative loading of
pectoral fin AR and positive loadings of caudal fin AR and body ratio. ANOVA
performed on PC1 revealed that there was a species effect (df = 18, F = 4.623,
p < 0.0001). Surfperches that had a higher pectoral fin AR had a lower caudal fin AR
and a more elongate and streamlined body shape, as revealed by LSD post hoc tests
(Figures 1.2A, 1.2B; Table 1.4).
PC2 exclusively described the positive loading of the angle of insertion of the
pectoral fin. ANOVA performed on PC2 revealed that the angle of insertion of the
pectoral fin differed among the 19 species of surfperches (Figures 1.2A, 1.2B; Table 1.5;
df = 18, F = 6.073, p < 0.0001). The LSD post hoc test revealed that surfperches with a
lower pectoral fin angle differed from surfperch species that had a lower pectoral fin AR
and a rounder body shape (Table 1.5). Given a significant species effect for both PC
variables, we went on to investigate possible causes for the differences.
Table 1.3. Loadings of the principal components (PC). Numbers in bold are the
values of the morphometric variables that loaded most heavily for each PC.
Absolute values of the loading number that were under 0.500 were considered not to
be an important contributor in describing a particular PC.
Principal components
1
2
Variation explained
41.634 %
26.035 %
(initial eigenvalues)
pectoral fin AR
0.460
-0.660
caudal fin AR
-0.338
0.728
body ratio
0.296
0.720
pectoral fin angle
0.425
0.793
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sh shiner

2.5
2

2 = 0.742
ANOVA on PC2: pR<
0.0001
p < 0.0001

bd barred
kp kelp

1.5

pl pile

pl
pk

1

bl black
bl

st striped

sn

PC2

pectoral fin angle

rb

0.5

rw rainbow

tl

wt
sv

sv silver
wl walleye

df st
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Figure 1.2A. Means ± standard error (SE) for species effects with PC1 along the xaxis and PC2 along the y-axis. There were differences in the four morphometric
variables measured among the surfperches. The 19 points are the means for each
species (n = 3 specimens per species). Arrows denote increasing values of the
morphometric variables.
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Figure 1.2B. Interpreted axes following Figure 1.2A. Along the x-axis, fishes that
grouped toward the right had oar-like fins and were deep-bodied, such as a black
surfperch. Fishes that grouped toward the left had a higher AR pectoral fin and a
more streamlined body, such as a spotfin surfperch. Along the y-axis, fishes that
grouped toward the bottom had a flapper morphology, whereas fishes that grouped
toward the top had a rower morphology.

Table 1.4. Results of PC1 LSD post hoc test with species as the main effect. Numbers in bold represent species that
were significantly different from one another (α = 0.05).
Species
calico
barred
redtail
kelp
shiner
pile
black
striped
spotfin
walleye
rainbow
silver
tule
reef
dwarf
sharpnose
white
rubberlip
pink

calico
1
0.026
0.456
0.065
0.215
0.124
0.404
0.566
0
0.733
0.214
0.011
0.714
0.002
0.723
0
0.009
0.031
0.239

barred
1
0.126
0.677
0.297
0.461
0.149
0.006
0.009
0.056
0.298
0.732
0.011
0.355
0.011
0.132
0.674
0.941
0.269

redtail
1
0.259
0.615
0.417
0.928
0.19
0
0.684
0.613
0.064
0.268
0.017
0.273
0.004
0.054
0.145
0.66

kelp
1
0.527
0.747
0.299
0.018
0.003
0.128
0.529
0.449
0.029
0.183
0.03
0.057
0.404
0.732
0.487

shiner
1
0.756
0.68
0.074
0
0.365
0.997
0.169
0.111
0.053
0.114
0.013
0.147
0.332
0.95

pile
1
0.47
0.038
0.001
0.226
0.758
0.283
0.059
0.101
0.061
0.028
0.25
0.507
0.709

black
1
0.163
0
0.62
0.678
0.077
0.232
0.021
0.237
0.005
0.065
0.17
0.726

striped
1
0
0.362
0.073
0.002
0.835
0
0.826
0
0.002
0.008
0.084

spotfin
1
0
0
0.021
0
0.077
0
0.233
0.025
0.007
0

walleye
1
0.364
0.026
0.48
0.006
0.487
0.001
0.022
0.065
0.399

Continued on the next page…
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Table 1.4. (Continued).
Species
rainbow
silver
tule
reef
dwarf
sharpnose
white
rubberlip
pink

rainbow
1
0.17
0.111
0.054
0.113
0.013
0.148
0.334
0.947

silver
1
0.004
0.558
0.004
0.239
0.937
0.677
0.151

tule
1
0.001
0.99
0
0.004
0.013
0.125

reef
1
0.001
0.549
0.612
0.318
0.047

dwarf
1
0
0.004
0.013
0.128

sharpnose
1
0.271
0.114
0.011

white
1
0.621
0.131

rubberlip
1
0.302

pink
1
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Table 1.5. Results of PC2 LSD post hoc test with species as the main effect. Numbers in bold represent species that
were significantly different from one another (α = 0.05).
Species
calico
barred
redtail
kelp
shiner
pile
black
striped
spotfin
walleye
rainbow
silver
tule
reef
dwarf
sharpnose
white
rubberlip
pink

calico
1
0.157
0.472
0.692
0.914
0.001
0.006
0.376
0.004
0.822
0.81
0.197
0.059
0.758
0.314
0.013
0.086
0.034
0.003

barred
1
0.478
0.303
0.19
0
0
0.025
0.109
0.231
0.237
0.009
0.002
0.087
0.018
0
0.003
0.001
0

redtail
1
0.745
0.541
0
0.001
0.113
0.024
0.62
0.631
0.048
0.011
0.306
0.089
0.002
0.017
0.006
0

kelp
1
0.774
0
0.002
0.203
0.011
0.864
0.877
0.095
0.024
0.482
0.164
0.005
0.037
0.013
0.001

shiner
1
0
0.004
0.321
0.005
0.908
0.895
0.163
0.047
0.677
0.266
0.01
0.069
0.027
0.002

pile
1
0.394
0.006
0
0
0
0.017
0.071
0.001
0.008
0.234
0.048
0.116
0.52

black
1
0.048
0
0.003
0.003
0.112
0.325
0.012
0.062
0.731
0.245
0.46
0.833

striped
1
0
0.269
0.262
0.678
0.3
0.562
0.902
0.097
0.391
0.201
0.03

spotfin
1
0.007
0.007
0
0
0.002
0
0
0
0
0

walleye
1
0.987
0.132
0.036
0.595
0.221
0.008
0.054
0.02
0.002

Continued on the next page…
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Table 1.5. (Continued).
Species
rainbow
silver
tule
reef
dwarf
sharpnose
white
rubberlip
pink

rainbow
1
0.128
0.035
0.583
0.215
0.007
0.052
0.019
0.002

silver
1
0.531
0.322
0.769
0.207
0.656
0.383
0.073

tule
1
0.11
0.36
0.519
0.855
0.804
0.234

reef
1
0.483
0.028
0.155
0.067
0.007

dwarf
1
0.123
0.462
0.246
0.039

sharpnose
1
0.409
0.691
0.579

white
1
0.667
0.172

rubberlip
1
0.343

pink
1

18

ÿ

12ÿ

3456747ÿ9 97ÿÿÿÿÿ
ÿ ÿ1ÿÿÿÿÿÿÿ!!"ÿ#$%&#ÿ'ÿ!ÿ!!ÿ
ÿ''ÿ()*ÿ1+,-ÿ'ÿ.ÿ/"ÿ)ÿ.ÿ0+1/2"ÿÿ.ÿ0+/213+ÿÿ ÿ4ÿÿÿÿ
ÿÿÿ!!"ÿ"ÿ#$%&#ÿÿ!!ÿ!ÿÿÿ!!ÿ''!ÿ
()*ÿ1+,-ÿ'ÿ.ÿ/"ÿ)ÿ.ÿ2+21,"ÿÿ.ÿ0+00,3+ÿÿ5ÿ678ÿ!ÿÿ!!ÿÿ!!ÿ!ÿ
''ÿ9ÿÿÿ:ÿÿÿ!!ÿÿ'!ÿ''!ÿ'9ÿ
!ÿ!ÿ'*ÿ!!ÿ(5ÿ1+23+ÿÿ;"ÿ9"ÿ!ÿÿ!ÿ9:ÿ
9*ÿ+ÿÿ5ÿ''ÿ9ÿ!!ÿ!ÿ!ÿ<ÿ9ÿÿ!"ÿ
ÿ!ÿÿ:ÿÿÿ!!ÿ<ÿ=ÿ!"ÿÿ
ÿ(#ÿ!ÿ+"ÿ40023+ÿÿ79"ÿ!ÿÿÿ!*ÿ!!"ÿÿ'!ÿ
<ÿ9ÿ!ÿ!"ÿÿ!ÿÿ!ÿÿ''!ÿ'9ÿ!ÿ=!ÿ
*'ÿ>ÿ!!ÿ(5ÿ1+23+ÿÿ

ÿ

ÿ

ÿ

12ÿ
4 ÿÿ!4"ÿ#ÿ$4ÿ$6%ÿ66%()46
ÿ$ÿ6%66)

789 ÿ79

!4

5
6

ÿ

35
34
34

35

6

78ÿ9ÿ*79

ÿ7
979
7ÿ

!5

ÿÿ!5"ÿ#ÿ$4ÿ6$%ÿ&6'%4(4&
ÿ$ÿ6%&'(

5

4

+,-./0ÿ2343ÿÿ50678ÿ9ÿ:;ÿ<=ÿ>?0ÿ6@0/6-0ÿ=6A></ÿ8A</08ÿ<=ÿBC2ÿDEFGHGÿ>?0ÿ6@0/6-0ÿ
=6A></ÿ8A</08ÿ<=ÿBCIJÿK680Lÿ<7ÿ?6K,>6>3ÿÿ:M0A,08ÿN0/0ÿA6>0-</,O0Lÿ,7><ÿ8,PÿL,8A/0>0ÿ
?6K,>6>83ÿÿ;6A?ÿM<,7>ÿ,8ÿ>?0ÿ8,7-Q0ÿR067ÿ@6Q.0ÿ=</ÿ>?0ÿ8M0A,08ÿ-/<.M0Lÿ,7><ÿ>?6>ÿ
?6K,>6>3ÿ
ÿ
S6KQ0ÿ23T3ÿÿU08.Q>8ÿ<=ÿBCIÿV:WÿM<8>ÿ?<Aÿ>08>ÿN,>?ÿ?6K,>6>ÿ68ÿ>?0ÿR6,7ÿ0==0A>3ÿÿ
X.RK0/8ÿ,7ÿK<QLÿ/0M/0807>ÿ=,8?08ÿN,>?ÿ@6/Y,7-ÿ67-Q08ÿ<=ÿ,780/>,<7ÿ<=ÿ>?0ÿM0A></6Qÿ=,7ÿ
Z[\Zÿ^_`aÿ_bÿc_ddaeabZÿ[\f_Z\Zgÿhiÿjÿklkmnlÿÿ

o6K,>6>8ÿ pqrstuvwqxrÿ ytz{ÿ|}xtuvÿ }||u~}xtÿttxuqzÿ x}yrÿxtt|ÿ u~qzz}ÿx}ysuqÿ uwx|ÿ}tÿ
pqrstuvwqxrÿ
2ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ytz{ÿ|}xtuvÿ
2ÿ
2ÿ
ÿ
ÿ
ÿ
ÿ
}||u~}xtÿttxuqzÿ 32ÿ
2ÿ
ÿ
ÿ
ÿ
3ÿ
x}yrÿxtt|ÿ
ÿ
ÿ
2ÿ
2ÿ
ÿ
ÿ
u~qzz}ÿx}ysuqÿ 3ÿ
2ÿ
2ÿ
ÿ
3Iÿ
32Tÿ
uwx|ÿ}tÿ
1ÿ
1ÿ
1ÿ
2ÿ
34ÿ
3ÿ

ÿ

ÿ

ÿ

ÿ

12ÿ

GNONUHIÿLHVUJOIN

ÿ 3456768594 ÿ56ÿ955ÿ79645ÿ4ÿ2ÿ6ÿ69ÿ86486ÿ664ÿ5ÿ
ÿ9ÿ45ÿ6565ÿÿ967646ÿ976ÿ2!"ÿÿ4ÿ56ÿ2ÿ#98ÿ6467 ÿ495948ÿ
94ÿ56ÿ89#ÿ987656ÿ9558ÿ947686ÿ7ÿ795ÿ5ÿ65ÿ
$%&%'()ÿ%++%)'ÿ
ÿ 6784ÿ776594ÿ7666ÿ55ÿ56ÿ64659ÿ76564688ÿÿ87-6768ÿ67686ÿ
.95ÿ9476894ÿ9676468ÿ94ÿ56ÿ856ÿ57ÿ8768ÿÿ2ÿ976ÿ2/0ÿ7ÿ1ÿ2!!1ÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
-ÿ3ÿ22222"ÿÿ34ÿ567ÿ.78ÿ87-6768ÿ55ÿ.676ÿ8997ÿ94ÿ5697ÿ-657ÿ94ÿ4ÿÿ
94ÿ4ÿ4ÿÿ759ÿ.676ÿ76ÿ86 ÿ7656ÿ64659 ÿ5ÿ46ÿ4567ÿ54ÿ
87-6768ÿ96794ÿ94ÿ5686ÿ5766ÿ7-6579ÿ7968ÿÿ46786 ÿ4ÿ7659489-ÿ
.8ÿ65656ÿ65.664ÿ79594ÿ94ÿ1ÿ4ÿ64659ÿ98546ÿ976ÿ250ÿ6784ÿ
7765946ÿ7ÿ1ÿ2211ÿ-ÿ1ÿ2728"ÿ
9:?;
9:?
9:9>
9:9=
9:9<
9:9;
9

9

?

;
@
ABCDEBFBGHIJFÿLHMMNCNOINÿPQRST

<

W(XYZ%ÿ[\]\ÿ$%&%'()ÿ^(_'`&)%ÿabcdedÿfgZhigjgX()`jÿ^(++%Z%&)%ÿ+gZÿkl[\ÿÿmi%Z%ÿn`_ÿ̀ÿ
hg_('(o%ÿZ%j̀'(g&_i(hÿp%'n%%&ÿX%&%'()ÿ^(_'`&)%ÿ̀&^ÿfgZhigjgX()`jÿ^(++%Z%&)%ÿ
qk%`Z_g&ÿ)gZZ%j̀'(g&rÿZÿsÿt\uuvwÿhÿxÿt\ttt[y\ÿ
ÿ

ÿ

ÿ

ÿ

ÿ

11ÿ
2384
238
2327
2326
2325
2324
2

2

8

4
9
 ÿÿ

5

!"#$%ÿ'()(ÿ*%+%,!-ÿ.!/,0+-%ÿ123454ÿ67$897:7"!-0:ÿ.!;;%$%+-%ÿ;7$ÿ<=>(ÿÿ?9%$%ÿ@0/ÿ+7ÿÿÿÿÿ
$%:0,!7+/9!8ÿA%,@%%+ÿ"%+%,!-ÿ.!/,0+-%ÿ0+.ÿ67$897:7"!-0:ÿB0$!0A:%/ÿA%!+"ÿ.!;;%$%+,ÿ
C<%0$/7+ÿ-7$$%:0,!7+Dÿ$ÿEÿF(F>>Gÿ8ÿEÿF(H'IJ(ÿ
ÿ
KLM=NMMLOPÿÿ
ÿ QRSTUVWÿXYZ[\U]^V_UZVSRÿ]^S_`a^]^VX_ÿZbÿ]ZacdZ]^XaUTÿeSaUSfR^_ÿUVXZÿSVÿ
^TZRZWUTSRÿTZVX^gXÿTSVÿa^e^SRÿSVÿS]ShUVWÿS]Z`VXÿZbÿUVbZa]SXUZVÿSfZ`XÿXd^ÿb`VTXUZVSRÿ
aZR^_ÿZbÿSVÿZaWSVU_]iÿÿjVÿXdU_ÿ_X̀\klÿdSfUXSXÿ^gcRSUV^\ÿZVRkÿcSaXÿZbÿbUVÿSV\ÿfZ\kÿ
]ZacdZRZWkÿSV\ÿSVÿS\\UXUZVSRÿS]Z`VXÿScc^Sa^\ÿXZÿf^ÿ^gcRSUV^\ÿfkÿW^V^XUT_iÿÿmd^ÿeSakUVWÿ
SVWR^ÿZbÿUV_^aXUZVÿZbÿXd^ÿc^TXZaSRÿbUVÿYS_ÿXd^ÿZVRkÿ_XSXU_XUTSRRkÿ_UWVUbUTSVXÿeSaUSfR^ÿXdSXÿ
\Ubb^a^\ÿS]ZVWÿXd^ÿ_`abc^aTd^_ÿbaZ]ÿ\Ubb^a^VXÿdSfUXSX_nÿdZY^e^alÿXd^ÿdSfUXSXÿWaS\U^VXÿ
SRZVWÿQo1ÿ\Z^_ÿVZXÿ]Sp^ÿ]`TdÿfUZRZWUTSRÿ_^V_^iÿÿqSfUXSX_ÿXdSXÿY^a^ÿe^akÿ_U]URSaÿXZÿZV^ÿ
SVZXd^aÿfS_^\ÿZVÿSe^aSW^ÿZT^SVÿTZV\UXUZV_ÿ]Z_XÿZbX^Vÿ^gc^aU^VT^\ÿSXÿ^STdlÿ_`TdÿS_ÿ
Zbb_dZa^ÿ\^]^a_SRÿSV\ÿfSk_ÿSV\ÿ^_X̀SaU^_lÿY^a^ÿa^e^SR^\ÿfkÿXd^ÿrstÿcZ_XÿdZTÿX^_XÿXZÿf^ÿ
\Ubb^a^VXiÿÿuR_ZlÿXd^ÿYSe^[_Y^cXlÿdUWdÿ^V^aWkÿ_`abÿhZV^ÿYS_ÿa^e^SR^\ÿVZXÿXZÿf^ÿ
_XSXU_XUTSRRkÿ\Ubb^a^VXÿbaZ]ÿXd^ÿTSR]ÿfSkÿSV\ÿ^_X̀SakÿdSfUXSXÿvmSfR^ÿwixyiÿÿmdU_ÿ_`WW^_X_ÿ

ÿ

ÿ

ÿ

12ÿ

3453ÿ567893ÿ536ÿ ÿ348ÿ7893 5ÿ6ÿ5ÿ955ÿ6ÿ5ÿ34ÿÿ53ÿ56ÿ8698ÿ
ÿÿ58ÿ8758ÿÿ88396ÿ6385ÿ ÿ45353ÿÿÿ
ÿ 8ÿ344ÿÿ56ÿ3ÿ63536395ÿ6 953ÿ34ÿ45353ÿ56ÿ348ÿ5ÿ8 893ÿ
ÿ58ÿ 95ÿ6868ÿ85ÿ4ÿ348ÿ453536ÿ88ÿ6758ÿ5ÿ3453ÿ56ÿÿ
488ÿ56ÿ5ÿ583ÿ5ÿ348ÿÿ56ÿ3453ÿ83ÿ ÿ453536ÿ34ÿ4488ÿ
936ÿ3ÿ453536ÿ 63ÿ9 ÿ5669538ÿ34ÿ958ÿ88ÿ936ÿ!"8ÿ
2#ÿÿ$ÿ8858ÿ3453ÿ348ÿ567893ÿ53ÿ ÿ348ÿ7893 5ÿÿ98568ÿ34ÿ5ÿ8ÿ58ÿ
ÿ683ÿ ÿ348ÿ7893 5ÿÿ494ÿ36ÿ599 ÿ488ÿ8ÿ ÿ87893ÿ5ÿ64ÿ34ÿ
5ÿ448ÿ7893 5ÿÿ$%ÿ3ÿ8594ÿ5ÿ5638ÿ6 ÿ6788ÿ5ÿ3ÿ8ÿ5669538ÿ34ÿ
453536ÿ3453ÿ878898ÿ44ÿ88ÿ586873ÿ936ÿ!&5 43ÿ83ÿ5ÿ1''1(ÿ
"3ÿ83ÿ5ÿ1'')#ÿÿ$35ÿ348ÿ673ÿ6 7894ÿ45ÿ348ÿ863ÿÿ58ÿ5ÿ8ÿ
ÿ348ÿ44863ÿ7893 5ÿÿ$%6(ÿ6736ÿ8ÿÿ348ÿ6 ÿ*8ÿ5ÿ348ÿ453536ÿ3453ÿ
878898ÿ586873ÿ936ÿÿÿ
ÿ +ÿ348ÿ6386ÿ ÿ5 ÿ6486ÿ348ÿ567893ÿ53 ÿ ÿ348ÿ7893 5ÿÿ56ÿ348ÿ
 63ÿ7 353ÿ 74839ÿ558ÿ48ÿ3ÿ958ÿ3ÿ8 ÿ5ÿ75395ÿ64ÿÿÿ
5ÿ9835ÿ8 83ÿ!&5 43ÿ83ÿ5ÿ1''1(ÿ"3ÿ83ÿ5ÿ1'')#ÿÿ+ÿ346ÿ63ÿ348ÿ
567893ÿ53ÿ ÿ348ÿ7893 5ÿÿÿ3ÿ875ÿ348ÿ45353ÿ566953ÿ ÿ6 789486ÿÿ
,5ÿ5ÿÿ35788ÿ 74ÿ ÿ348ÿ7893 5ÿÿ-./010ÿ5ÿ38ÿ5 28ÿ
 74ÿ5 8936ÿ348ÿ6 ÿ78 598ÿ ÿ5ÿ5 ÿ88ÿ6486ÿ!"3ÿ83ÿ
5ÿ1'')#ÿÿ+ÿ348ÿ5ÿ ÿ6 789486ÿ348ÿ7893 5ÿÿ$%ÿ86ÿ3ÿ688ÿ3ÿ8ÿ5ÿ
7 353ÿ5ÿ8995ÿ8853ÿ 74839ÿ558ÿ3ÿ8ÿ494ÿ453536ÿ348ÿ
43ÿ997ÿ
ÿ

ÿ

ÿ

12ÿ

ÿ 3456ÿ7ÿ89 ÿ 574 ÿ75947549ÿ9ÿ674575ÿ ÿ87ÿ9 ÿ56ÿÿ9ÿ56ÿ
597ÿ4ÿ59ÿÿ56ÿ79ÿ6ÿ98 ÿ4ÿ7 ÿ4845 ÿ59ÿ 574ÿ674575ÿÿ 7ÿ
56ÿ674575ÿ5ÿ4ÿ95ÿ7ÿ95ÿ79ÿ7ÿ9947ÿ 75ÿ6 9784ÿ745ÿ9ÿ
 1ÿ7549ÿ4ÿ7ÿ7 4ÿ56ÿ5754547ÿ4447ÿ9ÿ597ÿ4ÿ7 ÿÿ
!6ÿ7 ÿ9ÿ4 549ÿ9ÿ56ÿ597ÿ4ÿ4ÿ44754ÿ9ÿ4 5ÿ4884ÿ89 ÿ98ÿ
7ÿ74ÿ89 ÿ75ÿ"#ÿ59ÿ7ÿ94ÿ89 ÿ75ÿ$"#ÿ%37& ÿ7ÿ3 575ÿ1"""'ÿÿ
( 6ÿ4ÿ564ÿ5ÿ67ÿ7ÿ86ÿ7 9 ÿ7ÿ98ÿ1)#ÿ59ÿ*+#ÿ%!7 ÿ+1'ÿÿ
 7ÿ56ÿ597ÿ4ÿ7 ÿ4ÿ45ÿ 75 ÿ59ÿ56ÿ8 6747ÿ44ÿ4ÿ565ÿ
 7549ÿ56ÿ4884ÿ ÿ764 ÿÿ 6ÿ87ÿÿ 75 ÿ4ÿ4ÿ5675ÿ
67ÿ7ÿ9 ÿ7 ÿ9ÿ4 549ÿ9ÿ564ÿ597ÿ4ÿ ÿ 6ÿ456ÿ7ÿ646 ÿ4ÿ
7 ÿÿ95547ÿ4 ÿ4ÿ4884ÿ 987ÿ87ÿÿ56ÿ48454ÿ759ÿ4ÿ6ÿ
 574ÿ4ÿ795ÿ9ÿ7ÿ7547ÿ674575ÿÿ
ÿ ÿ9ÿ56ÿ95547ÿ54ÿ5ÿ9ÿ4 ÿ4ÿ4ÿ7ÿ9ÿ89699ÿ
4847ÿ695ÿ9ÿ597ÿ4ÿ7ÿ77ÿ4ÿÿ7ÿ9ÿ7549ÿ ÿ7 ÿ59ÿÿ
ÿ547ÿ4575ÿ567ÿ569ÿ8969947ÿ6775 454ÿ5675ÿ ÿ89 ÿ
69547ÿ4 5ÿ%,4 ÿ+2'ÿÿ-5ÿ87&ÿ45454ÿÿ5675ÿ56ÿ9549ÿ9ÿ
854 ÿ4ÿ5675ÿ7 ÿ547ÿ4847ÿ9 ÿ9ÿ4847ÿ4ÿ7ÿ9ÿ
896994ÿÿ( 6ÿ5675ÿ67 ÿ56ÿ54ÿ4847454ÿ 8 ÿ59ÿ9ÿ
674575ÿ456ÿ4847ÿ94549ÿ994ÿ56ÿ674575ÿ745ÿ9ÿ +ÿ%,4 ÿ+.'ÿÿÿ
75 ÿ4ÿ9 ÿ4 5ÿ896994ÿ5675ÿ4ÿ94ÿ6ÿ56ÿ ÿ7 ÿ59ÿ
89ÿ459ÿ4 5ÿ674575ÿ

ÿ

ÿ

ÿ

12ÿ

ÿÿÿ 3ÿ456765869ÿ746 6ÿÿ5686ÿÿ7ÿÿÿ7ÿ ÿ
647ÿÿ6ÿ465ÿ 7ÿ656ÿ5669ÿ7ÿ466ÿ75567ÿ6ÿ6ÿÿÿ
 7ÿÿ965 ÿ65ÿ746ÿÿ9656ÿÿ86 67ÿ9ÿ6ÿ65ÿ ÿ6ÿ
ÿÿ4657ÿ7658ÿÿ65656ÿÿÿ6ÿ867 ÿ6ÿ7 ÿ
4655  6ÿÿ5ÿ746 67ÿÿ7546567ÿÿ86ÿ9656ÿ ÿ9ÿ9ÿ
5467ÿÿÿÿ6ÿ 45ÿÿ766ÿÿ6ÿ5677ÿÿ7ÿ79ÿ576ÿÿ6ÿ
6!4669ÿ47 ÿ467ÿÿ7546567ÿÿ 4ÿ9656ÿ7ÿ9ÿ86ÿ
9656ÿ ÿ5467ÿÿ"655  6ÿÿ6ÿ67569ÿÿ6ÿ5ÿ7 ÿ
74669ÿ#5ÿ9ÿ6ÿ$75ÿ6746ÿ567476ÿÿ
%&'()*+,-.,/,(01ÿ
ÿ ÿ ÿ865ÿ56ÿÿ35ÿ45ÿ565565 ÿ5ÿ65ÿ777 6ÿ5ÿ7ÿ
4576ÿÿÿ7ÿÿÿÿ386ÿ$ ÿÿ6ÿ$5 ÿ3 96 ÿÿ8 6 67ÿÿ
69ÿ6ÿ 677ÿÿ6ÿÿ456765869ÿ746 67ÿÿ3ÿ5ÿ7ÿ969ÿÿ6ÿ
4458ÿÿ6ÿ898#ÿ3$#$ÿ965ÿ45ÿ:ÿ;<=ÿÿ
+>0,?%0@?,ÿ&>0,-ÿ
377Aÿ4ÿ<=2BÿC ÿD!559 5ÿ5767ÿ5 ÿ$5 ÿ7ÿÿE6ÿ5 ÿ
ÿÿÿÿÿFGHHGIJKLMÿOPQRKJHÿPÿ8 6 6ÿ<S1T<1ÿ
ÿ
36ÿ46ÿ"96ÿ3ÿU5ÿVÿ1WWSÿ6ÿDÿÿV5 6ÿ5767Tÿ$5 ÿ9ÿ
ÿÿÿÿÿ3976ÿX657ÿY6566Tÿ# 8657ÿÿ$5 ÿ"5677ÿSSWÿ4ÿÿ
ÿ
Y69ÿ3ZÿX 5ÿ"$ÿ1WW<ÿ4 ÿÿ59ÿ767Tÿ 47ÿ5ÿ
ÿÿÿÿÿÿ76ÿ9ÿ57776ÿ654ÿÿ6ÿ656ÿY5565ÿZ66ÿ$5ÿZ667ÿ
ÿÿÿÿÿ1WT<B;<2Wÿ
ÿ
Y6559ÿ6ÿ1WW2ÿ"654ÿ9ÿ96 54ÿÿ7 45ÿ7765ÿ75465ÿ
ÿÿÿÿÿ746 67ÿ[\]^_`_abÿdbaef_g^ÿ9ÿ[hÿibj̀kbi^fÿÿ6ÿ$5 ÿ7Tÿ75ÿ
ÿÿÿÿÿ86577ÿ6 ÿ57ÿD8ÿ2;1TB=SB;lÿ
ÿ
ÿ

ÿ

ÿ

12ÿ

34567589ÿ ÿ3 97549ÿÿÿ4 75ÿ46ÿ768ÿ49796ÿÿ4ÿ5454ÿ
ÿÿÿÿÿ99874ÿ45954ÿ4 75ÿ4649ÿ768ÿ!96ÿ"#$$%&ÿÿ
ÿ
354845ÿ'ÿ12ÿ(4ÿ96ÿÿ94ÿ)97ÿ+,#+-1$ÿÿ
ÿ
'4ÿ./ÿ07694ÿ(1ÿ1,,ÿ.74ÿ796ÿ768ÿ4296#ÿ396ÿ768ÿ96ÿ8496ÿ5ÿ
ÿÿÿÿÿ53758ÿ9ÿ4567ÿÿ2459467ÿ39ÿ1,5#1,$"%1,&+ÿ
ÿ
0475969ÿÿ2ÿ/ÿ55479!4ÿ8ÿÿ4ÿ4ÿ768ÿ7579!4ÿ44896ÿ
ÿÿÿÿÿ6789:;<=6ÿ6?@A9?B?CDÿ?EÿF97ÿG6H<?F?8<I:7ÿ:=ÿ7J<I7;87ÿ?EÿF97ÿE:6<BDK=ÿ:I:AF<J7ÿÿ
ÿÿÿÿ5789796ÿ96ÿ7!7974ÿ497ÿ694ÿL7766ÿ4ÿ39ÿ1$#$$-15$ÿ
ÿ
05 M45ÿ ÿ44646ÿ4.ÿ2Nÿ457ÿ96ÿ96ÿ96ÿ4ÿ5948ÿ545ÿOÿÿ
ÿÿÿÿP96479ÿ44ÿÿ3996ÿ448ÿ768ÿ8ÿ9Q4ÿ4ÿ2ÿ39ÿ#11"+-1151ÿ
ÿ
496ÿ/L ÿ175ÿ0Rÿ&2ÿS5796ÿ96ÿ5454#ÿ5454ÿ7599696ÿ5ÿ
ÿÿÿÿÿ9689!98799ÿ5464Tÿ6!956467ÿ39ÿÿS94ÿ2#1"%""ÿ
ÿ
946766ÿ'Uÿ&5ÿV6ÿ4ÿ!9!975ÿ94ÿÿ4ÿ799ÿ7ÿÿW5ÿ/4597ÿÿ
ÿÿÿÿ3 496ÿÿ4ÿX.ÿS9ÿ'996ÿ1#"&%5$&ÿÿÿ
ÿ
S6ÿ'4ÿ3438ÿ0RÿL796359ÿ'ÿ1,,+ÿL7!4ÿ4645ÿ768ÿ3996ÿ
ÿÿÿÿÿ455764ÿ74ÿ57ÿ544ÿ9ÿ7474ÿÿ544896ÿÿ4ÿR7ÿ.94ÿ
ÿÿÿÿÿ1$1#&1$%&"1ÿ
ÿ
U926ÿ/ÿ&,ÿ'499!4ÿ9645796ÿ43446ÿ'795697ÿ544ÿ94ÿÿ4ÿ46ÿ
ÿÿÿÿÿYZ[\]^]_Nÿÿ25#&%"ÿÿ
ÿ
U5Mÿ.4ÿ.9ÿR4ÿ1ÿ'74ÿ768ÿ64`464ÿÿ89475ÿ4979Q796ÿ
ÿÿÿÿÿ96ÿ5454#ÿ7ÿ94ÿ768ÿ9657499ÿ4996ÿÿ$"1#5,1%51ÿ
ÿ
U5Mÿ.4ÿ.9ÿR4ÿ'45ÿ4/ÿ&+ÿ/4%54748ÿ89475ÿ7456ÿÿ759ÿ78ÿ
ÿÿÿÿÿ545ÿ'497ÿ&+5#&2%5ÿÿ
ÿ
U5Mÿ.4ÿ.9ÿR4ÿ.446ÿ4.ÿ45ÿ$ÿ'764ÿ96ÿ76ÿ7474ÿÿ44574ÿ
ÿÿÿÿÿ544ÿ94ÿ79748ÿ39ÿ7ÿ974ÿ9ÿ97ÿ/9796ÿ$5#1%",ÿÿÿ
ÿ
194ÿPÿ&2ÿ(4ÿ75647ÿ473ÿ/757ÿÿ4ÿ99874ÿ(4449#ÿ/ÿ
ÿÿÿÿÿS6967ÿ768ÿ!9675ÿ4549!4ÿ'497ÿ&21#"%"1"ÿÿ
ÿ
194ÿPSÿÿS6967ÿ5ÿO6#ÿU/ÿP4464984ÿ4895ÿ'998ÿ94#ÿ
ÿÿÿÿÿ47!95ÿ4ÿ768ÿ4!96ÿW43ÿa5M#ÿ'776ÿ768ÿU7ÿÿ1%+,ÿ
ÿ
ÿ
ÿ

ÿ

ÿ

12ÿ

3456ÿ789ÿ 19ÿÿ5ÿÿÿ4ÿ4ÿÿ5659ÿ!4ÿ"ÿ7ÿ
ÿÿÿÿÿ#4ÿ7ÿ$ÿ%%9ÿ
ÿ
35ÿ"8(ÿ)4ÿ*)9ÿ1++9ÿ"5ÿÿ654ÿÿ55ÿ4ÿÿÿ
ÿÿÿÿÿÿ,ÿ455ÿ6569ÿ-54ÿÿ*56.ÿ1/01002 +9ÿ
ÿÿ
3.ÿ49ÿ 59ÿ6ÿÿ*.ÿ71ÿ3ÿ74ÿ$.ÿÿ7,(ÿ1ÿ9ÿ
ÿÿÿÿÿ751ÿ75ÿ85ÿ759ÿ
ÿ
)4,5.ÿ7!(ÿ$,ÿ"9(ÿ)4ÿ*)9ÿ1++19ÿ56.ÿÿÿÿ
ÿÿÿÿÿ45ÿ9ÿ5ÿ$ÿ7ÿ/1522/19ÿ
ÿ
)4:5ÿ- (ÿ)4ÿ*)9ÿ 29ÿ6455ÿ656ÿÿ1ÿ:4ÿÿ466.ÿ
ÿÿÿÿÿ4;4ÿ.ÿÿÿ5ÿ,54ÿ<=>?@=ABAÿCDEFBAÿ64549ÿ-54ÿÿ
ÿÿÿÿÿG654ÿ$.ÿ1++1 52 /9ÿÿ
ÿ
)4:5ÿ- (ÿ)4ÿ*)9ÿ1+++9ÿ*44ÿ6554ÿÿ4;4ÿ5,.ÿ4ÿ.9ÿ
ÿÿÿÿÿ75ÿ9ÿ4ÿ6ÿ$ÿ1/21%22%%9ÿÿ
ÿ
)4:5ÿ- (ÿ)4ÿ*9ÿ1++19ÿ7554ÿÿÿ455ÿ656ÿ4ÿ
ÿÿÿÿÿ554ÿ,ÿÿ46ÿ4ÿ9ÿ-54ÿÿG654ÿ$.ÿ1+1222%29ÿÿÿÿ
ÿ
)ÿ7)9ÿ 209ÿH4ÿÿ654ÿÿ656ÿÿIJ>DK=LDAKMEÿDLLEMLDKD9ÿÿ
ÿÿÿÿÿ-54ÿÿG654ÿ$.ÿ 1/222+9ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ
ÿ

ÿ

ÿ

ÿ

12ÿ

3456789ÿ ÿÿ6899538ÿ5 ÿ3578ÿÿ397ÿ5ÿ
758ÿÿÿ748ÿ37597ÿ8 3568ÿ98 6 8ÿÿ9689348 ÿ
87358ÿ
ÿ
5 79537ÿ
ÿ !"#$%#&ÿ'#ÿ#()*+',)$ÿ-'.)!/+ÿ&0)++#&1ÿÿ2(*-#ÿ/!ÿ)(&#,)/(ÿ/!ÿ,%#ÿ"#$,/'-ÿ
!)(ÿ3')#&ÿ'+/(*ÿ&"#$)#&ÿ'(4ÿ,%#/#,)$'--5ÿ'--/0&ÿ!/ÿ4)!!#)(*ÿ'+/(,&ÿ/!ÿ,%&,ÿ,/ÿ.#ÿ
*#(#',#46ÿ",',)3#-5ÿ'!!#$,)(*ÿ&0)++)(*ÿ"#!/+'($#1ÿÿ7#ÿ"#4)$,#4ÿ,%',ÿ&"##4ÿ'(4ÿ
+'(#3#'.)-),5ÿ,'4#8/!!ÿ)(ÿ,%)&ÿ$-'4#ÿ/!ÿ(#'&%/#ÿ!)&%#&1ÿÿ"#$)!)$'--56ÿ9ÿ%5"/,%#&):#4ÿ
,%',ÿ&!"#$%#&ÿ0),%ÿ-/0#ÿ!)(ÿ'(*-#&ÿ0/-4ÿ'$%)#3#ÿ'ÿ!'&,#ÿ$),)$'-ÿ&0)++)(*ÿ&"##4ÿ
;<$),=6ÿ.,ÿ0##ÿ-#&&ÿ+'(#3#'.-#6ÿ'&ÿ)(4)$',#4ÿ.5ÿ,%#ÿ./45ÿ.#(4)(*ÿ$/#!!)$)#(,ÿ;>?=ÿ
4)(*ÿ,'*#ÿ@ÿ/!ÿ,%#ÿ?8&,',ÿ#&$'"#ÿ#&"/(&#1ÿÿA/ÿ'44#&&ÿ,%)&ÿ%5"/,%#&)&6ÿ9ÿ$/--#$,#4ÿ!/ÿ
&!"#$%ÿ&"#$)#&ÿ#'$%ÿ0),%ÿ4)!!##(,ÿ"#$,/'-ÿ!)(ÿ'(*-#&ÿ;'(*#BÿCDÿ,/ÿD@E=1ÿÿ<$),ÿ0'&ÿ
+#'&#4ÿ)(ÿ'ÿ!-+#1ÿÿ2!,#ÿ'$$-)+',)/(6ÿ!-/0ÿ0'&ÿ&#,ÿ,/ÿF1Dÿ./45ÿ-#(*,%&ÿ"#ÿ&#$/(4ÿ
;>GH&=ÿ!/ÿCFÿ+)(,#&6ÿ,%#(ÿ)($#'&#4ÿ.5ÿF11Dÿ>GH&ÿ#3#5ÿ!)3#ÿ+)(,#&ÿ(,)-ÿ<$),ÿ0'&ÿ
#'$%#46ÿ'&ÿ)(4)$',#4ÿ.5ÿ,%#ÿ/(&#,ÿ/!ÿ.&,8'(48*-)4#ÿ.#%'3)/1ÿÿ9ÿ#$/4#4ÿ+'I)++ÿ!)(ÿ
.#',ÿ!#J#($5ÿ'(4ÿ<$),1ÿÿ9(ÿ&#"'',#ÿ#I"#)+#(,&6ÿ9ÿ#-)$),#4ÿ?8&,',&ÿ!/+ÿ)(4)3)4'-ÿ!)&%6ÿ
#$/4)(*ÿ,%#ÿ#&$'"#ÿ#&"/(&#ÿ0),%ÿ'ÿ%)*%8&"##4ÿ4)*),'-ÿ$'+#'ÿ',ÿ1DFÿ!"&1ÿÿ9ÿ+#'&#4ÿ
,%#ÿ>?ÿ4)(*ÿ,'*#ÿ@1ÿÿ2KLM2ÿ#3#'-#4ÿ4)!!##($#&ÿ'+/(*ÿ&"#$)#&ÿ)(ÿ,%',ÿ&!"#$%#&ÿ
0),%ÿ-/0#ÿ!)(ÿ'(*-#&ÿ'$%)#3#4ÿ'ÿ!'&,#ÿ<$),ÿ'(4ÿ'ÿ%)*%#ÿ+'I)++ÿ!)(ÿ.#',ÿ!#J#($51ÿÿ
N/ÿ,%#ÿ>?6ÿ0#ÿ$/(4$,#4ÿ'ÿ!)I#4ÿ/(#80'5ÿ2KLM2ÿ/(ÿ,%#ÿ3'-#&ÿ/!ÿ,%#ÿ,'*#ÿ@ÿ'(*-#6ÿ
!/--/0#4ÿ.5ÿGOÿ"/&,ÿ%/$ÿ,#&,&1ÿÿ2KLM2ÿ#3#'-#4ÿ,%',ÿ.' #4ÿ&!"#$%#&ÿ%'4ÿ,%#ÿ
*#',#&,ÿ>?1ÿÿ?/(,'5ÿ,/ÿ+5ÿ"#4)$,)/(6ÿ&"#$)#&ÿ0),%ÿ-/0#ÿ!)(ÿ'(*-#&ÿ#'$%#4ÿ./,%ÿ!'&,#ÿ
<$),ÿ'(4ÿ*#',#ÿ./45ÿ.#(4)(*ÿ,%'(ÿ&"#$)#&ÿ0),%ÿ%)*%#ÿ!)(ÿ'(*-#&1ÿ
ÿ

ÿ

ÿ

12ÿ

345ÿ6789 ÿ ÿ ÿ ÿ ÿÿ ÿ
 ÿÿÿÿ
ÿ
!"#$%&'"$!ÿ
ÿ )ÿÿ ÿ *ÿÿ)ÿÿÿÿÿ
ÿ ÿ+,*ÿ-21./0ÿÿ1ÿÿÿÿÿÿ*ÿ2ÿÿÿ
ÿ3ÿÿÿ*ÿ2ÿ ÿÿÿÿÿÿÿ
 )ÿÿ)ÿÿÿ*ÿ)ÿÿ ÿ ÿ+ ÿ4ÿ-ÿ
ÿÿ)/0ÿÿ5ÿ*ÿ ÿÿÿÿÿÿÿÿ2ÿ ÿ
2ÿÿÿÿÿÿ)ÿÿ)ÿÿÿÿ+6ÿÿ0*ÿ
1661/0ÿÿ42*ÿ)ÿÿÿÿÿÿÿÿÿÿÿ)ÿ
ÿÿ )ÿÿÿÿÿ2ÿ7ÿÿÿÿ*ÿ)ÿÿÿ
 ÿ ÿ 0ÿÿ9ÿÿÿÿÿÿÿÿÿÿ
 ÿ *ÿ)ÿÿÿÿÿÿÿÿÿÿ
)0ÿÿÿÿ
ÿ 8ÿ)ÿ9)ÿ)ÿ2ÿ:)ÿÿ)ÿÿ0ÿÿ; ÿ
ÿ2ÿÿÿÿÿÿ ÿ*ÿ)ÿ)ÿÿÿ
 ÿÿÿ)ÿÿ+8)ÿÿ0*ÿ166</0ÿÿ ÿÿÿ)ÿÿ *ÿ
)ÿÿÿ)ÿÿ7*ÿ)ÿÿÿÿÿ0ÿÿ1ÿÿÿ
3 ÿÿÿ3*ÿ2ÿ ÿÿÿÿÿÿÿ)2ÿ)ÿ
 0ÿÿ)ÿÿ*ÿÿÿÿ ÿÿ ÿÿÿÿÿ
ÿÿ+6 *ÿ-2=>/0ÿÿ42ÿ*ÿ)ÿ)ÿÿ2ÿÿÿ
ÿÿÿ?ÿÿÿ3ÿÿÿÿÿÿ+@*ÿ-2<1ÿ
9 5*ÿ-2.2/0ÿÿÿ
ÿ

ÿ

ÿ

12ÿ

ÿ 34567859ÿ4486ÿ6 ÿ56ÿ676ÿ5978ÿ4ÿ756ÿ48454ÿ954ÿ546ÿ58ÿ56
978ÿ 486ÿÿ464ÿ78786ÿ54ÿ44ÿ4ÿ5 ÿ68ÿ47584ÿ7ÿ5ÿ
5 95ÿ6ÿ99ÿ4ÿ464ÿÿ458ÿ84ÿ4ÿ47779759ÿ55ÿ8ÿÿ
5ÿ458ÿ7ÿ7ÿ679ÿ74ÿ4ÿ844665ÿ8 78ÿ7ÿ7 ÿ5ÿ5 95ÿ55ÿ
5ÿ74859ÿ547ÿ679ÿ46ÿ8ÿ68ÿ47584ÿ4ÿ!""!#ÿÿ3446ÿ
5ÿ45ÿ4ÿ5646ÿ59ÿ68ÿ644ÿ$#ÿ44ÿ44ÿ7ÿ4ÿ4ÿ9456ÿ
584 4594ÿÿ%784649ÿ6446ÿ5ÿ54ÿ5594ÿ7ÿ4ÿ4546ÿ7ÿ488ÿ
44ÿ44ÿ7ÿ6ÿ4ÿ69746ÿÿ&44846ÿ8ÿ68ÿ47584ÿÿ58ÿ7 ÿ
ÿ4ÿ4ÿ456786ÿ5ÿ674ÿ6446ÿ7ÿ6446ÿ54ÿ87ÿ5594ÿ7ÿ7 8ÿ
484ÿ5464ÿ556ÿ
ÿ 7ÿ5ÿ7 ÿ464ÿ44486ÿ578ÿ4ÿ7ÿ6494 4ÿ6446ÿ7ÿ6446ÿ
56ÿ68ÿ47584ÿ99ÿ4ÿ854ÿÿ4ÿ59ÿ68ÿ644ÿ$#ÿÿ
'584 459ÿ99ÿ4ÿ854ÿÿ4ÿ7ÿ488ÿ7448ÿÿ6ÿ4564ÿ
8ÿ354ÿ!ÿ7ÿ4ÿ%65ÿ4654ÿ467864ÿÿ(ÿ56ÿ746)4ÿ5ÿ4ÿ7ÿ6494 4ÿ
4776ÿÿ5ÿ8ÿ4ÿ8ÿ58ÿ7ÿ779746ÿ56ÿ874ÿ8ÿ%54ÿ!ÿ79ÿ
45ÿ544ÿ5ÿ448ÿ$ÿÿ*967ÿ5ÿ646ÿÿ5ÿ564ÿ$ÿ79ÿ58678ÿ7ÿ
4 759ÿ7ÿ559ÿ8564ÿ79678ÿ$#ÿ5ÿ5ÿ564ÿ644ÿ58ÿ646ÿÿ5ÿ6974ÿ
$ÿÿ+8599ÿ4ÿ5 ÿ8ÿ45ÿ4,48ÿ79ÿ4ÿ578ÿ6446ÿ8ÿ4ÿ
$ÿ466ÿÿ
-./012.34ÿ.67ÿ-0/8974ÿÿ
ÿ +7ÿ64ÿ6446ÿ44ÿ6494 4ÿ564ÿ78ÿ779759ÿ44846ÿ4ÿ
97484ÿ95448ÿ8ÿ4ÿ59ÿ:7754ÿ58ÿ55959ÿ+4ÿ;!#ÿÿ
ÿ

ÿ

ÿ

12ÿ

34567ÿ89ÿ47 84ÿ4ÿ7ÿ8ÿ89ÿ7ÿ786ÿ94ÿ77ÿ7ÿ886856ÿ67ÿ
7ÿ57ÿ22ÿ67ÿ22ÿÿ4ÿ7ÿ96ÿ3 47ÿ7ÿ 7ÿ977ÿ
!"#$%&'%($)&ÿ*+,-.'-)&ÿÿ4567ÿ89ÿ74ÿ89ÿ7ÿ786ÿ94ÿ4545ÿ98ÿ1/ÿ8ÿ
10ÿ7577 ÿ745ÿ7ÿ687 ÿ74ÿ786ÿ94ÿ4567ÿ89ÿ74ÿ845ÿ7ÿ98ÿ
7677ÿ77 ÿ4ÿ7ÿ784ÿ687 ÿ67ÿ98ÿ7ÿ74 7ÿ96ÿ67ÿ21ÿÿ274ÿ
7ÿ8ÿ89ÿ7ÿ786ÿ94ÿÿ120ÿ3ÿ412ÿ56ÿÿ4ÿ7ÿ96ÿ68847ÿ
47ÿ977ÿ78"*'9,*&'-+ÿ*,,+-,*'*ÿÿ4ÿ4777ÿ94ÿ4567ÿ89ÿ
74ÿ74ÿ89ÿ;0<ÿ3ÿ22/ÿ56ÿ ÿÿ74ÿ7ÿ8ÿ89ÿ101ÿ3ÿ41=ÿ56ÿÿ>6?ÿ
977ÿ@"A%9'9(*ÿB*(C&9.%ÿ68ÿÿÿ74ÿ4567ÿ89ÿ74ÿ89ÿ7ÿ786ÿ94ÿ
ÿÿ4ÿ4777ÿ67ÿ4ÿ7ÿ96ÿ;/0=<ÿ3ÿ4DDÿ4ÿÿ74ÿ7ÿ8ÿ89ÿ
;4Dÿ3ÿ404ÿÿ3ÿ7ÿ88 7ÿ7E 77ÿ67ÿ977ÿF*"*G%($'$8&ÿH*((*ÿÿÿ74ÿ
4567ÿ89ÿ74ÿ89ÿ7ÿ786ÿ94ÿ4545ÿ98ÿ/2ÿ8ÿ/1ÿ7577ÿÿ7ÿ67ÿ
977ÿÿ7ÿ57 ÿ74ÿ4567ÿ89ÿ74ÿ845ÿ7ÿ98ÿ77ÿ7677ÿ98ÿ
 ÿ77ÿ6845ÿ ÿ45ÿ7ÿ57 ÿ74ÿ4567ÿ89ÿ74ÿ98ÿ7ÿ74 7ÿ
96ÿÿ7ÿ74ÿ7ÿ8ÿ89ÿ7ÿ786ÿ94ÿÿ;1;ÿ3ÿ41/ÿ56ÿ745ÿ7ÿ57 ÿ
845ÿ7ÿ98ÿ7677ÿ77ÿ98ÿÿ7 ÿ4ÿ7ÿ784ÿ57 ÿ67ÿ98ÿ7ÿ74 7ÿ
96ÿ

ÿ

ÿ

ÿ

12ÿ

:0;3<5<63789

.



*"4 9(+ 89,)$



&4'7(9(
%

#$

 4 !7696"8





345678976 8

/0123453623789

=>?@ABÿDEFEÿÿGHIJK?BLBM>NÿMABBÿKOÿMHBÿOPQ>JIÿRQS>KMKN>TPBEÿÿUHBÿOK@AÿVBJBNMBTÿVWBN>BVÿ
>LÿQIÿMHBV>VÿABWABVBLMÿPÿX>TBÿAPL?BÿKOÿMHBÿT>YBAV>MIZÿ>LNJ@T>L?ÿSKMHÿV@SOPQ>J>BVÿ
[QWH>VM>NH>LPBÿPLTÿRQS>KMKN>LPBÿ\?BLBAPÿKOÿVBJBNMBTÿVWBN>BVÿ>LÿSKJT]Eÿÿ^QP?BVÿOAKQÿ
[JJBLÿBMÿPJEÿ\D__`]ÿPLTÿMABBÿQKT>O>BTÿOAKQÿaBALPAT>ÿPLTÿa@NN>PABJJ>ÿ\Fbbb]Eÿ
ÿ
ÿ cdefÿdghdedhijklÿmfnÿlmfodflÿpfnfÿilfhÿqrsnÿjÿtstjkÿsrÿ2uÿdghdedhijklvÿdgÿtwflfÿ
fxmfndyfgtlzÿtwdlÿljymkfÿld{fÿpjlÿldydkjnÿtsÿstwfnÿrdlwÿlpdyydg|ÿ}dgfyjtdoÿltihdflÿq~dÿ
ftÿjkÿzÿnio}fnÿjghÿfglfgÿjzÿilldÿftÿjkÿ2uu2vÿÿwdgfnlÿpfnfÿoji|wtÿÿ
ildg|ÿjÿfjowÿlfdgfÿÿÿÿdgÿk}wsngÿksi|wÿsgtfnfÿjÿdgÿjÿ2uuÿÿ
kjo}lÿpfnfÿoji|wtÿedjÿjgÿsttfnÿtnjpkÿdgÿjgÿcnjgodlosÿjÿjghÿÿildg|ÿjÿfjowÿlfdgfÿjtÿ
tdkkpjtfnÿsefÿjnyfkÿjÿdgÿfofyfnÿ2uuÿÿjnnfhÿlinrmfnowflÿpfnfÿoji|wtÿildg|ÿjÿ
fjowÿlfdgfÿjtÿfkÿsgtfÿfjowÿdgÿsgtfnfÿjÿdgÿotsfnÿ2uuÿÿdkfÿlinrmfnowÿpfnfÿ
oji|wtÿedjÿwss}jghkdgfÿsrrÿtwfÿÿsjltÿ~ijnhÿhso}ÿgfxtÿtsÿtwfÿsgtfnfÿnfj}pjtfnÿ
dgÿsefyfnÿ2uuÿÿgfÿmdkfÿpjlÿhsgjtfhÿrnsyÿtwfÿsgtfnfÿjÿ¡ijndiyÿqsgtfnfÿ
ÿ

ÿ

ÿ

11ÿ

234ÿ567ÿ869ÿ8 ÿ3 5 ÿ8ÿ9ÿ5ÿ56ÿ568ÿ234ÿ6ÿ3ÿÿÿ 86ÿ
59ÿ67!75"ÿ#99ÿ569 97ÿ8ÿ555ÿ#ÿ5ÿ"8#$8ÿ95#59ÿ9 ÿ5ÿ
%8ÿ&5676ÿ%569ÿ&5'8589ÿ567ÿ!96ÿ5ÿ6 ÿ8ÿ869ÿ#99(ÿ8ÿ5"59ÿÿ
9ÿ#99ÿ86897ÿ86ÿ5ÿ75"ÿ'5ÿ8""8#6ÿ)322ÿ)6865"ÿ365"ÿ259ÿ567ÿ
9ÿ28 994ÿ 888"ÿ567ÿ97ÿ(""ÿ*+,-.+/0.ÿ,.20302.4ÿ6896ÿ568!9ÿ
*456.+70/ÿ896:.;4ÿ567ÿ'56ÿ65"ÿ<-7969/=98.ÿ/,,>4ÿ#9ÿ9ÿ#99(ÿ
?@ABBACDÿFGHIJHBKCLGÿÿ
ÿ 9ÿ9ÿ89ÿ57"ÿ#96ÿ# 6ÿ556ÿ996ÿ959ÿ!9"8ÿ
 96ÿ56'79ÿMNOPQÿMR4ÿÿS9ÿ5T ÿ598'ÿ# 6ÿ997ÿ5ÿÿ56ÿ
556ÿÿ9ÿ5"ÿ# 6ÿ997ÿÿ9ÿMRUQÿV9''ÿ9ÿ5"ÿMOU4ÿÿS8ÿ5!87ÿ
'96ÿ#9ÿ5#5ÿ9ÿ5ÿ56ÿ68ÿ"869ÿ5656ÿ9ÿ886ÿ6ÿ9ÿ#59ÿ8" 6ÿ
#96ÿ# 6ÿ86"ÿ#ÿ985"ÿ6ÿ9ÿ9ÿ575"ÿ6ÿ8ÿ577865"ÿ8#57ÿÿ
W(9ÿ567ÿX9696ÿMR.QÿMRP4ÿÿS9ÿ997ÿ5ÿ#ÿ575"ÿ6ÿ59ÿ97ÿ8ÿ
577865"ÿÿÿ(68#6ÿ5ÿ9ÿ985"$575"ÿ6ÿ5ÿ5686ÿ $ÿ9ÿ567ÿ
9"567ÿMRNQÿV9''ÿMY1QÿW(9ÿ567ÿX9696ÿMRP4ÿÿ&5'8 ÿ9ÿ#ÿ
69597ÿ569!95'"ÿ 89ÿ"9T'"9ÿ'87ÿ"564ÿ95ÿ9ÿ$ÿ8869ÿ56ÿ"5'8 ÿ
9ÿ#ÿ5ÿ89ÿ7ÿ'87ÿ9ÿW(9ÿ567ÿX9696ÿMRPQÿZ8 99ÿ9ÿ5"ÿ
Qÿ%ÿ9ÿ5"ÿQÿZ9675""ÿ9ÿ5"ÿY4ÿÿÿ
ÿ S99ÿÿ'9ÿ5ÿ5798 ÿ'9#996ÿ569!95'"ÿ567ÿ5ÿ598'$9ÿ
# 6ÿ6ÿ"5'8 ÿ9ÿÿ3ÿÿ#ÿ5ÿ89ÿ7ÿ6ÿ567ÿ'87ÿ9ÿ5ÿ'9ÿ
5'"9ÿ8ÿ96959ÿ89ÿÿ567ÿ8#57ÿ 8"86ÿ#995ÿ5ÿ89ÿ"9T'"9ÿÿ5ÿ
68ÿ'9ÿ5'"9ÿ8ÿ96959ÿ968ÿÿ!5ÿ9ÿ985"ÿ6ÿ8ÿ8669ÿ# 6ÿ
ÿ

ÿ

ÿ

12ÿ

34567893 ÿ3ÿ3ÿ44ÿÿ8ÿ4ÿ933ÿ8ÿ65ÿ38863ÿ5ÿ3ÿ43ÿ
88ÿ8ÿ4ÿ3ÿ8ÿ6ÿ3838ÿ8ÿ6886ÿ8ÿ4ÿ345ÿ96ÿÿ4ÿ958893ÿ
88ÿ44ÿ65ÿ439ÿ4984ÿ3ÿ4ÿ6ÿ88934ÿ485ÿ866893ÿ88386ÿ
35883ÿ84ÿ3ÿ8ÿ4ÿ8ÿ4966893 ÿ5443ÿ6ÿ4ÿ6ÿ96886ÿ3ÿ
54594ÿ4458494ÿ566ÿ485ÿ84ÿ8ÿ94538ÿ3783ÿ54ÿ!"#2$ÿ54ÿ3ÿ
%453ÿ!"#&$ÿ'48ÿ4ÿ3ÿ()))ÿÿÿ
ÿ ,39ÿ8ÿ3ÿ354ÿ65ÿ(2ÿ65ÿ74654ÿ439ÿ583ÿ6ÿ3358-4ÿ43768ÿ
54ÿ!"#2ÿÿ,39ÿ4984ÿ3ÿ4ÿ394ÿ86ÿ3ÿ3835ÿ345ÿ4ÿ,84458ÿ
.3765365ÿ48ÿ/9ÿ3ÿ54985934ÿ345ÿ8ÿ3ÿ6ÿ66ÿ35534ÿ8ÿ3ÿ45893ÿ
9685386ÿÿ8486ÿ6ÿ4ÿ6508ÿ4986ÿ354ÿ1)ÿ9ÿ84ÿ7ÿ1)ÿ9ÿ8ÿ7ÿ!))ÿ
9ÿ6ÿÿ,39ÿ8ÿ3ÿ84ÿ64ÿ3ÿ65ÿ6ÿ399834ÿ6ÿ3ÿ6ÿ534ÿ6ÿ3ÿ3ÿ76ÿ
4ÿ45ÿ496ÿ)&ÿ.ÿ491!ÿÿ6ÿ4ÿ8ÿ8ÿÿ3ÿ4354ÿ56ÿ4ÿ6ÿ
6ÿ4ÿ4ÿ6ÿ4ÿ933ÿ8ÿ63ÿ4$ÿ2845ÿ3ÿ.43ÿ!"3(ÿÿ4ÿ335ÿ653ÿ6ÿ
54ÿ!"#2ÿ3ÿ4ÿ6ÿ44584ÿ4ÿ958893ÿ88ÿ44ÿ6ÿ439ÿ84ÿ
ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ56789ÿ:ÿ58ÿ;ÿ<<=8>=88?@588?ÿ
56789ÿAÿ958893ÿ88ÿ44ÿ8394B84ÿ
58ÿAÿ5434ÿ4698ÿ38384ÿ65ÿ3ÿÿ8453ÿ84ÿ3ÿ64ÿ358935ÿ
4698ÿ48ÿÿ
=8ÿAÿ84ÿ6ÿ384ÿ3ÿ4ÿ5434ÿ9554ÿ4698 ÿ84ÿ
=88ÿAÿ8453ÿ5386ÿ84ÿ
588ÿAÿ4698ÿ9ÿ491!ÿ
C4698ÿ88ÿ354ÿ3ÿ)&ÿ.ÿ491!ÿ3ÿ3ÿ895434ÿ7ÿ)(&ÿ.ÿ491!ÿ445ÿ84ÿ
84ÿ88ÿÿ%938ÿ4698ÿ8ÿ76ÿ4ÿ45ÿ496ÿ36ÿ65ÿ96358ÿ84ÿ6ÿ
8454ÿ4ÿÿ19ÿ3ÿ64ÿÿD8ÿ4ÿ64ÿ6ÿ75ÿ3ÿ84ÿ743865ÿ6ÿ439ÿ8ÿ
4ÿ44584ÿ3ÿ45834ÿ3ÿ8ÿ88ÿ3ÿ8ÿ454ÿ549654ÿ3ÿ4698ÿ5494ÿ6ÿ
ÿ

ÿ

ÿ

12ÿ

3456ÿ7869ÿÿ6 4ÿ4ÿ8ÿÿ76ÿÿ545 4ÿ67ÿ94ÿ84ÿ745ÿ6554ÿ
ÿ"#$%&'ÿ()ÿ*+(&',ÿ#(-.+%ÿ(&ÿ/.%&'ÿ+#&%-)ÿ)$%.0ÿ/(&'ÿ&.11.0ÿ&2)&3ÿÿÿÿ
ÿÿÿ 4ÿ4ÿ54866ÿ54 47ÿ4ÿ84658ÿ7ÿ4ÿ754946ÿ:ÿ67ÿ4ÿ7ÿ9ÿ
54654ÿÿ;4ÿ6 8844ÿ684ÿ67ÿ4ÿ84658ÿ7ÿ4ÿ4<ÿ9ÿ4ÿ86945ÿ56=4ÿ
<ÿ96ÿ756 ÿ4ÿ66ÿ6ÿ4ÿ5465456ÿ56=47ÿ<ÿ=ÿ6ÿÿ54<ÿ
866ÿ>5=45ÿÿ?447ÿ@AÿB<54ÿCÿÿD4658ÿ7ÿ4ÿ684ÿ54ÿ844E
847ÿÿ5486ÿ6ÿ58ÿ9 <ÿ844ÿ>5=45ÿÿ?447ÿ@AÿFÿ4ÿ87ÿ
CCÿÿG6 4ÿ844ÿ67ÿ578454ÿ54ÿ4ÿ<544ÿ84658ÿ7ÿ4ÿ754946ÿÿ4ÿ
84658E8ÿ7ÿ<ÿ56ÿFÿ4ÿ87ÿCCÿ

ÿ
HIJKLMÿOPOPÿQMRSTLUVÿWIXÿYMUSÿWLMZKMXR[ÿTWÿUÿYVUR\ÿ]KLW^MLR_ÿ̀abcdefeghÿjhgklemdnPÿÿ
o_MÿWTKLÿIpUJM]ÿqMLMÿLMRTLrMrÿWLTpÿTXMÿRTp^VMSMÿWIXÿYMUSÿR[RVMÿWIVpMrÿqIS_ÿUÿ_IJ_ÿ
]^MMrÿsIrMTÿRUpMLUÿUSÿOtuÿWLUpM]ÿ^MLÿ]MRTXrPÿo_LK]SÿI]ÿJMXMLUSMrÿIXÿS_Mÿ^TqMLÿ
]SLT\Mÿ̀vwxnÿq_MXÿS_MÿWIXÿUYrKRS]ÿUqU[ÿWLTpÿS_MÿYTr[ÿUXrÿIXÿS_MÿLMRTsML[ÿ]SLT\Mÿ
`xwynÿq_MXÿS_MÿWIXÿUrrKRS]ÿSTqULrÿS_MÿYTr[Pÿvp^VISKrMÿ̀znÿI]ÿS_Mÿ_MIJ_SÿTWÿS_Mÿ
^MRSTLUVÿWIXÿq_MXÿLM]SIXJÿUJUIX]SÿS_MÿYTr[ÿ̀vnÿSTÿS_Mÿ^TIXSÿq_MXÿS_Mÿ^MRSTLUVÿWIXÿI]ÿ
WKVV[ÿM{SMXrMrÿUqU[ÿWLTpÿS_MÿYTr[ÿ̀xnPÿ
ÿ
ÿ |4ÿ 45ÿ67ÿ7ÿ4ÿÿÿCÿ46ÿ4ÿ75 4ÿ9ÿ546547ÿ4<<ÿÿ
4<ÿ4ÿ6ÿ9ÿ4ÿ7ÿ54<ÿ<ÿ4ÿ66ÿÿ}6ÿ9454ÿ54654ÿ64ÿ4ÿ
6ÿ4ÿ54866ÿ48ÿ6ÿ4ÿ58ÿ7ÿ9ÿ84ÿ6ÿ<4ÿ6ÿÿ46ÿ7ÿ4ÿ
7549467ÿÿ68864ÿ6ÿ5465<ÿ4ÿ754946ÿ 4486ÿÿ4ÿ4ÿ67ÿ56ÿ6ÿ
ÿ

ÿ

ÿ

12ÿ

345ÿ6573ÿ859 3ÿ65563ÿ455ÿ345ÿ4ÿ3ÿ6ÿ356ÿ3ÿÿ6ÿ6ÿ53ÿ548 ÿ
ÿ3ÿ3ÿ3556ÿ5 6ÿ569ÿ5836ÿÿ ÿ5 6ÿ345ÿ6ÿ53ÿ556 ÿ
ÿ54ÿ4ÿ3ÿ54ÿ859 3ÿ65563ÿ639ÿ3ÿÿ545ÿ3ÿÿ95ÿ3ÿ
53565ÿ556 ÿ465ÿ34ÿ55ÿÿÿ
ÿ
ÿ345ÿ3339ÿ695ÿÿ!56ÿ 5936ÿ37ÿÿ345ÿÿ895ÿ
"3ÿ#ÿ7ÿ$ÿ6ÿ345ÿ465ÿ6ÿ$ÿ95%ÿÿ 635ÿÿ&ÿ33399ÿ
663ÿ'ÿ)ÿ*+*,-.ÿ/012ÿ3ÿ456276839ÿ:;<8;212/=ÿ>239?=6=ÿ@4:>-ÿA3=ÿ7;2BC7/1Bÿ/;ÿ
36ÿ345ÿ 5936ÿ6ÿ5 5935ÿ345ÿ895ÿÿD4ÿ5 85ÿ345ÿ45ÿ
6563ÿ6ÿ55ÿ345ÿ56 693ÿÿ345ÿ3ÿÿE5563ÿ695ÿ5ÿ345ÿ
!Fÿÿ556563ÿ895ÿGHIJGÿ55ÿ3456ÿ 635ÿ6ÿ345ÿ!Fÿ3ÿ353ÿÿ
663ÿ5565ÿÿ&ÿ3455ÿÿ6ÿ 5936ÿ345ÿ69ÿ895ÿ55ÿ6ÿ6ÿÿ
75ÿ65#ÿGHIJGÿÿG9ÿ69ÿÿ6ÿ53ÿ556 ÿ$ÿKLMNONÿ35ÿ859 3ÿ
ÿ35ÿ859 3ÿ3ÿ 936ÿ3ÿ3ÿ6ÿ54ÿÿ345ÿÿ5 5ÿÿ 635ÿ
6ÿ69ÿÿ 865ÿGHFIJGÿ34ÿ345ÿ859 3ÿ65563ÿÿ345ÿ 636ÿ
895ÿÿD45ÿÿ95ÿ55ÿ 5ÿ3ÿ65ÿ6345ÿ895ÿÿ$ÿ3ÿ54ÿ859 3ÿ
65563ÿ3ÿ353ÿÿ3455ÿÿÿ5565ÿÿÿ
PQRSÿUVWRXWYÿZV[\Q[]^W_Vÿ
ÿ E545ÿ5ÿ56593ÿ56ÿ 49 9ÿ635535ÿ53556ÿ345ÿÿ
ÿ3 9ÿÿ449#658595ÿ6ÿ55#35ÿ45ÿ`5ÿabcdÿÿ 45ÿ
343ÿ6935ÿ345ÿ5ÿ5ÿ3455399ÿ5335ÿ55ÿ3ÿ6585ÿ6ÿÿ343ÿ5ÿ
455ÿ45ÿ3ÿ345ÿ345ÿ57355ÿ34ÿ35965ÿÿÿ45ÿ5ÿ 5ÿ
53ÿ3ÿ6ÿ6ÿ4586ÿ44#55ÿ`5ÿabcdÿÿ&655ÿ658593ÿ
ÿ

ÿ

ÿ

12ÿ

3456738ÿ9838ÿÿ53ÿ853ÿ48ÿ53ÿÿ9838ÿ ÿ5ÿ 3ÿÿ6ÿ83ÿ
366ÿ1ÿ753ÿ3ÿ57ÿ!ÿ"8ÿÿ#3843ÿÿ573ÿ$%%%&ÿÿÿ
ÿ ' 33ÿ53ÿ54ÿ3 8ÿÿ38ÿ9ÿ543(3567ÿ9ÿ7(3ÿ9838ÿ8ÿ58ÿ97 4ÿ
3ÿ 73ÿ3ÿ547ÿ4ÿ4ÿ5ÿ54ÿ8574ÿ3ÿÿ583ÿ5ÿ4ÿ54ÿ3853ÿ
38483ÿÿ683(4ÿ5ÿ68ÿ54ÿ4ÿ)573ÿ*ÿ)573ÿ3ÿ57ÿ$%%$ÿÿ3ÿ57ÿ$%%2&ÿÿ
+43ÿ 47ÿ83ÿ3 ÿ8ÿÿ8573ÿ5ÿ98ÿ 73ÿ4ÿ5ÿ384ÿ8 4ÿÿ,5738ÿ
343577ÿ37ÿ5ÿ-.85ÿ8ÿ45/0ÿ2/3456/ÿ78/ÿ9:68ÿ;4</6ÿ4ÿ=>?ÿ684@/ÿA8:B/ÿ75CD:DEÿ7Fÿ
543ÿ3 4ÿ54ÿ5( ÿ3ÿ99344ÿ878ÿ3 8ÿ21&ÿÿ' 3ÿ-.85ÿ8ÿ  ÿ
ÿ63ÿ5ÿ635( ÿ3973(3ÿ9ÿ5Gÿ6344ÿ567ÿ58ÿ3ÿ3853ÿ8ÿ934ÿ5ÿ793..
35 ÿ85 4ÿ753ÿ$%%H&ÿÿÿ ÿÿ
ÿ Iÿ 38J3ÿ5ÿ3ÿ9ÿ83733ÿ36 ÿ8338ÿ ÿ993ÿ4ÿ3ÿ94ÿ
54ÿ6ÿ  738ÿ58ÿ4 3ÿ4ÿ- 53ÿÿ9ÿÿ388ÿ 7ÿ993ÿ4ÿ3ÿ6ÿ
973G67ÿ58ÿ453ÿ6ÿ,53ÿÿ9ÿ3ÿ-.85ÿ3853ÿ38483ÿÿ' ÿ38ÿ 8ÿ
 388ÿ89338ÿ33ÿ8573ÿÿ37ÿ5ÿ-.85ÿ3853ÿ38483ÿÿ'548ÿ33ÿ9ÿ
3ÿ9774ÿ348 48KÿH!ÿÿ74ÿGÿ1!ÿÿ3ÿ ÿ5ÿ4ÿ53ÿ3 ÿ5ÿ1%ÿ
ÿÿLÿ758ÿÿ5Gÿ58ÿ753ÿ5ÿ3ÿ6 ÿ9ÿ3ÿ54ÿ ÿÿ3778ÿ5ÿ!ÿÿ
74ÿ$$!ÿ$&ÿÿ+43ÿÿ ÿ98ÿ9ÿ3ÿ853ÿ8338ÿ33ÿ753ÿ4 ÿ3ÿ5345ÿ54ÿ
(34ÿ$Hÿ 8ÿÿ5753ÿÿ"334ÿ58ÿ37ÿ99ÿ9ÿ5ÿ7358ÿ5ÿ$Hÿ3ÿ3 ÿÿ
8545J3ÿ839ÿ35678ÿ3ÿ*H&ÿÿ' ÿ37ÿ3ÿ8573ÿ38483ÿ5ÿ8ÿ58ÿ
ÿ5548ÿ3ÿ83ÿ9ÿ3ÿ54ÿÿM38ÿ33ÿ973ÿ ÿ5ÿ.833ÿ57ÿ88ÿ
535ÿ5ÿ$!%ÿ9538ÿ3ÿ834ÿÿ3ÿ3ÿ-.85ÿ3(348ÿÿLÿÿ58ÿ753ÿ(3ÿ

ÿ

ÿ

ÿ

12ÿ

345ÿ3678ÿ63ÿ6ÿ9 ÿ67 5ÿ34ÿ345ÿ656ÿ57ÿ53ÿÿ6356ÿ3ÿ5ÿ345ÿ6ÿ5ÿÿ
ÿ633ÿ43ÿ55ÿ5ÿ3ÿ7635ÿ564ÿ4ÿ67ÿ5ÿÿ
ÿ !ÿ345ÿ5ÿÿ34ÿ4635"ÿ#ÿ5ÿ5$5ÿ7ÿ345ÿ365ÿ%ÿ67 5ÿÿ
6$ÿÿ635ÿÿ&4635ÿ1ÿ75ÿ6ÿ5365ÿ753637ÿÿ345ÿ5735ÿ&
363ÿ565ÿ575ÿÿÿ673ÿÿ67ÿ35736ÿ65573ÿ34ÿ345ÿ5735ÿÿ6ÿ
'(ÿ*+,ÿ(-.+/.ÿ0'12ÿ134-56ÿ.*76,ÿ8ÿ'(ÿ*+,ÿ9363ÿ565ÿ575"ÿ345ÿÿ577ÿ
5 573"ÿ67ÿ3ÿ:;;ÿ67ÿ<675ÿ=>>?"ÿ6ÿ5@ÿ
ÿ ÿ ÿ ÿ ABÿDÿEÿFÿGBHIJHKÿ
ÿ ÿ ÿ ABLÿMNOPÿMQROSRTÿUNQVVSUSQRWÿ
ÿ ÿ ÿ BHLÿUXNYOÿZQRTWXÿGU[Kÿ
ÿ ÿ ÿ JHLÿWNW\ZÿZQRTWXÿGU[Kÿ
ÿ
4ÿ5775ÿ5 573ÿÿÿ635ÿ65ÿÿ6ÿ563ÿ565573ÿÿ
345ÿ5$3ÿÿ6ÿ4ÿ7ÿ37ÿ=]5"ÿ%^_2ÿ̀:;;ÿ67ÿ<675"ÿ>>ÿ̀
a35ÿ53ÿ6"ÿ>^ÿ̀!5ÿ>>?ÿÿ!ÿ36336ÿ6765"ÿ#ÿ735ÿ6ÿ$5ÿ756ÿ
:bcd:ÿ7ÿ345ÿ65ÿÿ345ÿ365ÿ%ÿ67 5ÿ=&363ÿ7573?ÿÿ564ÿ4ÿ=7ÿeÿÿ5ÿ
55?ÿ3ÿ65ÿ67ÿ345ÿÿ5535ÿ53ÿÿ<fgÿ3ÿ4ÿ353ÿ55ÿ
735ÿ3ÿ53575ÿ455ÿ7673ÿ5575"ÿÿ67"ÿ5ÿÿÿÿ

ÿ

ÿ

ÿ

12ÿ

ÿÿ

ÿÿ

34ÿ6ÿ7879ÿ 7ÿÿÿÿÿÿ4ÿ6ÿ8ÿ 7

ÿ
ÿÿÿ!"#$%&ÿ'(ÿ)'*+ÿ)%*%ÿ,'((,%&ÿ-.ÿ/ÿ-0123144ÿÿ05'*ÿ6%&5ÿ
-014ÿ#ÿ&5ÿ*#&"%,ÿ('$ÿ&5ÿ&7ÿ'(ÿ&5ÿ#%'&ÿ&'ÿ&5ÿ&7ÿ'(ÿ&5ÿ,"*"6ÿ(%ÿ"&ÿ&5ÿ%*ÿ'(ÿ
8&"ÿ.ÿ*%ÿ&5ÿ09#&"&ÿ#,"7ÿ#7'%#ÿÿ3'&"6ÿ6%&5ÿ-314ÿ'(ÿ&5ÿ(#5ÿ#ÿ
$"#*ÿ('$ÿ&5ÿ&7ÿ'(ÿ&5ÿ#%'&ÿ&'ÿ&5ÿ&7ÿ'(ÿ&5ÿ,"*"6ÿ(%ÿ:5%ÿ&5ÿ(#5ÿ#ÿ(66+ÿ
;&%**ÿ
ÿ
<=8>138ÿ
ÿ
8:$$%ÿ7('$"%,ÿ
ÿ @ÿABCDEFGÿHFDDBICJKFGÿFGÿJLBÿMFNDÿEOKPPKGQÿRBDMFDPCGHBÿSCDKCTIBEÿUVHDKJWÿVRXHWÿ
YZ[\Y]Yÿ_ÿ̀ZabÿcdefghÿigjgZdgbÿklZkÿaeagÿmgigÿneiigdZkgbÿm\klÿgZnlÿeklgiÿopZqdgÿrsthsÿÿ
uKGQIBXMCHJFDÿ@vwx@ÿOCEÿJLBGÿHFGyNHJByÿFGÿBCHLÿFMÿJLBÿSCDKCTIBEzÿ
3")6ÿ.ÿÿ{"#'%ÿ,'6"&'%ÿ$"&;ÿ'(ÿ#:$$%ÿ7('$"%,ÿ|"")6#ÿÿ}'ÿ
~~ÿ~ÿ~ÿÿÿÿÿÿÿ~ÿÿ
|"")6#ÿÿ35('ÿ"ÿ#%69(",&'ÿ}ÿ:"#ÿ7('$*ÿ'%ÿ",5ÿ|"")6ÿ
 ¡¢£¤ ¥¦§ÿ¨©ª£¢¦«
³
¥¦§ÿ̈©ª£¢¦«
´µ¶´·
¥¬¦
®¯®°®ÿ± ´µ̧´¹
£¡²¬¢ÿ̈®« ´µ·´³

ÿ

ÿ

®¯®°®ÿ± £¡²¬¢ÿ̈®«




³

´µ¹»¹
³

¥¬¦

³
´µ¹¸º
´µ́·¸

ÿ

ÿ

ÿ

12ÿ

IFJKCÿELMNOH

ÿ 345675879 7ÿ 894ÿ7987ÿ56ÿ4ÿ8ÿ 9ÿÿ7ÿÿÿÿÿ2!"ÿÿ
ÿ#ÿ2222$%ÿÿ&5887ÿ567ÿ968ÿ88ÿ'5ÿ4ÿ544ÿ56ÿ4ÿ8ÿ 9ÿ
((' 7ÿ)*ÿ)(5+ÿ88ÿ567ÿ46ÿ9(ÿ'996ÿ4ÿ(' 4ÿÿ,3-ÿ4ÿ44ÿ
8.5(7ÿ454ÿ)5887ÿ567ÿ968ÿ88ÿ'5ÿ548ÿ456ÿ)(5+ÿ567ÿ9(ÿ*4ÿ797ÿ64ÿ
798ÿ96ÿ 894ÿ'94ÿ5ÿ5648ÿ98ÿ/1%ÿÿ&(5+ÿ567ÿ9(ÿ5(ÿ797ÿ64ÿ798ÿ8ÿ
5ÿ48ÿÿ
ÿ )(4ÿ 894ÿ5(ÿ7987ÿ56ÿ4ÿ8ÿ 9ÿÿ7ÿÿÿÿÿ$/00ÿ
ÿ#ÿ2222$%ÿÿ19(ÿ88ÿ'9ÿ57ÿ4ÿ8544ÿ)7*ÿ9 ÿ'5ÿ4ÿ544ÿÿ,3-ÿ
4ÿÿ44ÿ8.5(7ÿ454ÿ48ÿ' 8ÿ6ÿ7986 ÿ96ÿ 894ÿ56ÿ4ÿ)5887ÿ968ÿ
567ÿ)(5+ÿ88ÿ5((ÿÿ'9ÿ57ÿ79864ÿ)7*ÿ9 ÿ98ÿ/0%ÿÿ
4345
4
7365
735
7345 PQRRST
7 UVWXSR
2365 PYQZ[
235 \WYS
2345
2
2
72
42
82
92
:;<=ÿ?@ABCDÿEFGH
]^_`abÿdefeÿÿghijkiak^lbkÿma^h^minÿop^qq^j_ÿorbbkÿstma^huÿvwÿwv`aÿorbm^boÿvwÿ ÿ
o`awrbamxboÿybao`oÿhvhinÿzvk{ÿnbj_hxÿsmqueÿÿ|}~|ÿabybinbkÿiÿk^wwbabjmbÿ^jÿ
op^qq^j_ÿorbbkoÿiqvj_ÿhxbÿwv`aÿo`awrbamxboÿsrÿÿeueÿÿgÿrvohÿxvmÿhbohoÿ
abybinbkÿhxihÿziaabkÿijkÿox^jbaÿo`awrbamxboÿpbabÿjvhÿk^wwbabjhÿwavqÿvjbÿijvhxbaÿÿÿ
srÿÿeduÿ{bhÿzvhxÿpbabÿk^wwbabjhÿwavqÿznimÿijkÿr^nbÿo`awrbamxboeÿ
ÿ
ÿ
ÿ

ÿ

ÿ

ÿ

12ÿ

83
73
63
53
43
3
3

!
"#$% 
&'(
)$&

43

53
63
9 ÿÿ

73

*+,-./ÿ1232ÿÿ45678-9/ÿ:;9;ÿ7<ÿ=.+9+=;8ÿ6>+??+@,ÿ6A//:ÿBC=.+9Dÿ7<ÿ<7-.ÿ:+<</./@9ÿ6A/=+/6ÿÿ
7<ÿ6-.<A/.=E/62ÿÿ4FGH4ÿ./I/;8/:ÿ9E;9ÿA+8/6ÿ;=E+/I/:ÿ9E/ÿ<;69/69ÿC=.+9ÿBAÿJÿK2KKKLDMÿ
>E+=EÿE;:ÿ9E/ÿ87@,/69ÿ57:Nÿ8/@,9E2ÿÿOPQÿA769ÿE7=ÿ./I/;8/:ÿ9E;9ÿ5;../:Mÿ6E+@/.Mÿ;@:ÿ
58;=Rÿ6-.<A/.=E/6ÿ>/./ÿ@79ÿ:+<</./@9ÿ<.7?ÿ7@/ÿ;@79STUÿWXÿYÿZ[\]^_[ÿÿ
ÿ
ÿ `abÿcdefgdhdijÿabÿklemfneognkÿhnpÿqdÿkdcnÿrnejÿabqnenkqabiÿqenbpkÿsaqgÿenkfnoqÿqdÿ
qgnÿoeaqaothÿksaccabiÿkfnnpuÿÿvgnÿmdleÿkfnoankÿsnenÿdeitbawnpÿthdbiÿtÿietpanbqÿdmÿqgnÿ
fnoqdethÿmabÿtbihnÿqdÿpnqnoqÿamÿqgakÿcdefgdhdiaothÿrteatxhnÿsdlhpÿenrnthÿtbjÿxadhdiaothhjÿ
tbpydeÿnodhdiaothhjÿbdqtxhnÿqenbpkzÿbdÿkqtqakqaokÿsnenÿodbploqnpuÿÿ̀akgnkÿsaqgÿqgnÿhdsneÿ
mabÿtbihnÿtoganrnpÿqgnÿmtkqnkqÿ{oeaq|ÿsgnentkÿmakgnkÿsaqgÿqgnÿgaigneÿmabÿtbihnÿtoganrnpÿqgnÿ
khdsnkqÿ{oeaqÿ}~yknozÿ̀ailenÿuuÿÿbÿqneckÿdmÿtxkdhlqnÿ{oeaq|ÿqgnÿxteenp|ÿkgabne|ÿtbpÿxhtoÿ
klemfneognkÿthhÿtffntenpÿqdÿtoganrnÿkacahteÿhnrnhkÿdmÿksaccabiÿfnemdectbonuÿÿahnÿ
klemfneog|ÿsaqgÿqgnÿgaignkqÿmabÿtbihn|ÿtoganrnpÿqgnÿmtkqnkqÿtxkdhlqnÿ{oeaqÿ}`ailenÿuuÿ

ÿ

ÿ

 ÿ

ÿ

12ÿ
5456
5
8476
846
8456
8
3476
346
3456
3
93

!""#$
%&'(#"
)!*+
,')#

96

3
6
ÿÿÿ  

66

63

 ÿN

-./012ÿ4565ÿÿ789:;91;.<2;ÿ=>1.8ÿÿ?21@0@ÿA2>8B19CÿD.:ÿ9:/C25ÿÿE9112;ÿ9:;ÿ@F.:21ÿ ÿ
@01DA21>F2@ÿ9>F.2?2;ÿ8F2ÿD9@82@8ÿ@G.HH.:/ÿ@A22;ÿ9:;ÿF9;ÿ8F2ÿCBG2@8ÿD.:ÿ9:/C2@5ÿÿIF2ÿ
@CBG2@8ÿ@G.HH.:/ÿ@A22;@ÿG212ÿ9>F.2?2;ÿJKÿ8F2ÿJC9>Lÿ9:;ÿA.C2ÿ@01DA21>F2@MÿGF.>Fÿ
F9;ÿ8F2ÿF./F2@8ÿ9:/C2@ÿBDÿ.:@218.B:ÿBDÿ8F2ÿA2>8B19CÿD.:5ÿ
ÿ
63
6
3
96
93
56
53
86
83
6
3
93

!""#$
%&'(#"
)!*+
,')#

96

3
6
ÿÿÿ  

63

66

-./012ÿ45O5ÿPJ@BC082ÿ=>1.8ÿ?21@0@ÿA2>8B19CÿD.:ÿ9:/C25ÿÿQ.C2ÿ@01DA21>F2@ÿ9>F.2?2;ÿ8F2ÿÿ
D9@82@8ÿ@G.HH.:/ÿ@A22;ÿ9:;ÿF9;ÿ8F2ÿF./F2@8ÿD.:ÿ9:/C25ÿÿIF212ÿG9@ÿ:Bÿ;.DD212:>2ÿ.:ÿ
@G.HH.:/ÿ@A22;ÿDB1ÿ8F2ÿJ9112;Mÿ@F.:21Mÿ9:;ÿJC9>Lÿ@01DA21>F2@Mÿ2?2:ÿG.8Fÿ9ÿ
;.DD212:>2ÿ.:ÿD.:ÿ9:/C25ÿ
ÿ
ÿ RSTÿUVWTXYÿZUY[\ÿ\]ÿYSTÿWTXY\ZU^ÿ][_ÿ̀UVÿZTaTU^TbÿY\ÿcTÿUÿaTZdÿ[eW\ZYU_Yÿ[_b[XUY\Zÿ
\]ÿ^UcZ[]\ZeÿV`[ee[_fÿWTZ]\ZeU_XTÿ\]ÿX\ZU^ÿZTT]ÿ][VSTVÿghU[_`Z[fSYÿTYÿU^ijÿ2kk2lÿmn^Y\_ÿ
TYÿU^ijÿ2kkopiÿÿhST_ÿYSTÿ]\nZÿVWTX[TVÿ\]ÿVnZ]WTZXSTVÿ̀TZTÿ\ZfU_[qTbÿ]Z\eÿ^\`TVYÿY\ÿS[fSTVYÿ
ÿ

ÿ

ÿ

12ÿ

:/270ÿ;<=>9./?

34ÿ56ÿ789ÿ975 ÿ6ÿ7899ÿ ÿÿ979ÿ59ÿÿ7 9ÿ 7ÿ9ÿÿÿ
89ÿ69 8ÿ !ÿ789ÿ6797ÿ78ÿ789ÿ597ÿ34ÿ89ÿ9ÿ8ÿ789ÿ8897ÿ34ÿÿ
 !ÿ789ÿ597ÿÿ"9ÿ69 8ÿ 899ÿ789ÿ6797ÿ!!ÿ99ÿ899ÿ7899ÿ
9 9ÿ75ÿ#9ÿ5ÿ66999ÿ!5ÿ789ÿ# 9ÿ89ÿÿ# $ÿ69 89ÿÿ#579ÿ
 7ÿ9ÿ%ÿÿÿÿÿÿ
*'(
*
)'(
)
&'(
&

@ABBCD
EFGHCB
@IAJK
LGIC
&

&'(

)

)'(

* *'( + +'(
-./01234ÿ678ÿ39-./0ÿ23071

,

,'(

(

:/270ÿ;/i>9./?

MNOPQRÿTUVUÿÿWXYZ[YQ[N\R[ÿ]^QNXÿ_RQ`P`ÿaR^XbQYcÿdNZÿY`aR^XÿQYXNbUÿÿefRQRÿgY`ÿYÿXQRZ[ÿbdÿÿ
dY`XRQÿ̀gNhhNZOÿaRQdbQhYZ^RÿNZÿ̀PQdaRQ^fR`ÿXfYXÿfY[ÿYÿcbgRQÿY`aR^XÿQYXNbÿbdÿXfRÿ
aR^XbQYcÿdNZUÿ
ÿ
(&
,(
,&
+(
+&
*(
*&
)(
)&
(
&

@ABBCD
EFGHCB
@IAJK
LGIC
&

)

*
+
-./01234ÿ678ÿ39-./0ÿ23071

,

(

MNOPQRÿTUjUÿÿkl`bcPXRÿ]^QNXÿ_RQ`P`ÿaR^XbQYcÿdNZÿY`aR^XÿQYXNbUÿÿmNcRÿ̀PQdaRQ^fR`ÿY^fNR_R[ÿ
XfRÿdY`XR`Xÿ̀gNhhNZOÿ̀aRR[ÿYZ[ÿfY[ÿXfRÿfNOfR`XÿY`aR^XÿQYXNbÿbdÿXfRÿaR^XbQYcÿdNZUÿ
ÿ
ÿ

ÿ

ÿ

11ÿ

ÿ 234ÿ5678ÿ96 64ÿ34 676ÿ88ÿ86ÿ 38ÿ663648ÿÿ7 6ÿ 96 6ÿ
676ÿ86ÿ368ÿ934ÿ5678ÿ96 64ÿ96ÿ5ÿ346ÿ57ÿ74ÿ864ÿ36ÿ38ÿ
86ÿ68ÿ934ÿ5678ÿ96 64ÿ23 6ÿ!"ÿÿ#$%&'#ÿ6(676ÿ878ÿ866ÿ66ÿ
3996646ÿ74ÿ86ÿ9 ÿ636ÿÿ)ÿ!!!!"ÿ74ÿ38ÿ3996646ÿ 34ÿ86ÿ
(638ÿ34 6648ÿÿ)ÿ!!!!"ÿÿ*6ÿ34867834ÿ86ÿ568664ÿ636ÿ74ÿ(638ÿ
34 6648ÿ86ÿ(73786"ÿ7ÿ48ÿ34393748ÿÿ+ÿ!!,"ÿÿ$ÿ34867834ÿ6748ÿ878ÿ7ÿ9ÿ
86ÿ6ÿ66ÿ48ÿ3996648ÿ9ÿ67ÿ86ÿÿ-4866834ÿ 96 6ÿ38ÿ7ÿ6ÿ
746ÿ9ÿ346834ÿ9ÿ86ÿ687ÿ934ÿ676ÿ7ÿ36ÿ934ÿ5678ÿ96 64ÿ667ÿ
 96 6ÿ878ÿ7ÿ7ÿ36ÿ687ÿ934ÿ746ÿ676ÿ7ÿ6ÿ934ÿ5678ÿ96 64ÿÿ*6ÿ
864ÿ7ÿ48ÿ7ÿ67ÿ38ÿ668ÿ8ÿ687ÿ934ÿ#.ÿÿ7 6ÿ 96 6ÿ38ÿ74ÿ
348663786ÿ#.ÿ(76ÿ676ÿ86ÿ368ÿ934ÿ5678ÿ96 64ÿÿ/346ÿ7ÿ86ÿ68ÿ
#.ÿ74ÿ676ÿ74ÿ348663786ÿ96 64ÿ74ÿ86ÿ9 ÿ636ÿÿ7ÿ7ÿ86ÿ
64ÿ368ÿ#.ÿ74ÿ86ÿ83ÿ68ÿ934ÿ5678ÿ96 64ÿ38ÿ36ÿ7(34ÿ86ÿ368ÿ
#.ÿ74ÿ86ÿ68ÿ934ÿ5678ÿ96 64ÿ
ÿ

ÿ

ÿ

ÿ!ÿ"#

ÿ

12ÿ

3
3
93
83
73
63
53
43
3

83
78
73
68
63
58
53
48
43
8
3

($)%&/'/'0
,(-&)%.*'+/
(,&)-%*.+'/
$(%&)'//'0

3 358 38 3 84ÿ
4
58ÿ48 43 8 385 4558
234567ÿ9:;<:ÿÿ23=ÿ>7?@ÿA67B57=CDÿ?@ÿE3AA767=@ÿF@?47FÿGAÿH7IGC3@Dÿ3=C67J7=@F:ÿÿ23=ÿ>7?@Fÿ
K767ÿCG5=@7Eÿ5=@3Iÿ7?CLÿA3FLÿ67?CL7EÿMC63@:ÿÿN?667EÿF56AO76CL7FÿL?Eÿ@L7ÿL34L7F@ÿA3=ÿ
>7?@ÿA67B57=CDPÿK3@LÿO3I7ÿF56AO76CL7FÿL?H3=4ÿ@L7ÿIGK7F@ÿA3=ÿ>7?@ÿA67B57=CD:ÿÿQ66GKFÿ
67O67F7=@ÿ@L7ÿ@3J7ÿ?@ÿ@L7ÿO7C@G6?IRC?5E?IÿA3=ÿ4?3@ÿ@6?=F3@3G=ÿSMORCT:ÿÿUL3=76Fÿ67?CL7Eÿ
MORCÿ?@ÿ;:VÿNWXF7CPÿ>?667EÿF56AO76CL7Fÿ?@ÿ;:9VÿNWXF7CPÿK3@Lÿ>I?CYFÿ?=EÿO3I7Fÿ
@6?=F3@3G=3=4ÿ?@ÿ;:<ÿNWXF7C:ÿÿÿ
ÿ
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Table 3.4. C-start escape response comparisons among different adult fishes. Species are categorized according to
increasing total length (TL). Species observed in my study are in bold. Peak angular velocity was for Stage 1 only.
Total duration of the C-start escape response included the latent response, Stage 1 duration, and Stage 2 duration.
ETA included Stage 1 and 2 angles. All values are mean ± standard error (SE), unless noted otherwise as standard
deviation (SD).
TL (cm)

Peak ang. vel. (° s-1)

C-start esc. res. (ms)

ETA (°)

guppy @ 20°C

2.0 ± 0.2

10,250

-

-

Johnson et al. (1998)

goldfish @ 5°C

7.7 ± 0.3

4250

-

-

Johnson et al. (1998)

goldfish @ 20°C

7.7 ± 0.3

6500

-

-

Johnson et al. (1998)

shiner
goldfish
bluegill sunfish*
barred

10.6 ± 0.3
10-13 (SL)
11.0 ± 0.4
11.6 ± 0.5

3234.4 ± 393.8
2289.6
3150 ± 20
3443.4 ± 59.8

61.2 ± 3.7
52 ± 0.4
75.5 ± 3.2

121.5 ± 6.9
55.1
104 ± 1
151.1 ± 6.9

present study
Eaton et al. (1988)
Tytell and Lauder (2008)
present study

bichir
black
bowfin**
pile

16.6 ± 0.3
16.75 ± 1.7
17.8-22.0
34.0 ± 4.1

3611.5 ± 2
2769.3 ± 95.8
3500 ± 390 (SD)
1574.1 ± 142.1

74.9 ± 3.3
117 ± 26 (SD)
129.8 ± 5.5

130 ± 7
114.9 ± 7.5
138.7 ± 41.7
101.3 ± 9.0

Tytell and Lauder (2002)
present study
Hale et al. (2002)
present study

Species

Literature cited

* The bluegill sunfish was a juvenile. ** The C-start escape response for the bowfin (Amia calva) included Stage 1 and 2
duration only.

73

74

ACKNOWLEDGEMENTS
I would like to thank Dr. Lara Ferry-Graham for her assistance with this project.
Also, I want to thank the many volunteers that helped me in the field collecting the fishes
and the countless hours in the lab. All work was conducted with the approval of the
SJSU IACUC under protocol # 918 and the CDFG SCP # 10140. Support was provided
by NSF grant CAA-0641286 to LFG.
LITERATURE CITED
Alexander RMcN. 1967. Functional design in fishes. Hutchinson. London.
Allen LG, Pondella D, Horn M. 2006. The Ecology of Marine Fishes: California and
Adjacent Waters. Berkeley: University of California Press. 660 p.
Batty RS, Blaxter JHS. 1992. The effect of temperature on the burst swimming
performance of fish larvae. J exp Biol 170:187-201.
Bellwood DR, Wainwright PC. 2001. Locomotion in labrid fishes: implications for
habitat use and cross-shelf biogeography on the Great Barrier Reef. Coral Reefs 20:
139-150.
Brett JR. 1964. The Respiratory Metabolism and Swimming Performance of Young
Sockeye Salmon. Journal of Fisheries Research Board of Canada 21(5):1183-1226.
DeMartini EE. 1969. A correlative study of the ecology and comparative feeding
mechanism morphology of the Embiotocidae as evidence of the family’s adaptive
radiation into available ecological niches. Wasmann J Biol 27:177-247.
Diamond J. 1971. The Mauthner cell. In: Hoar WS, Randall DJ, editors. Fish Physiology
vol V. New York: Academic Press. p 265-346.
Eaton RC, Bombardieri RA, Meyer DL. 1977. The Mauthner-initiated startle response in
teleost fish. Journal of Experimental Biology 66:65-81.
Eaton RC, Lavender WA, Wieland CM. 1981. Identification of Mauthner-initiated
response patterns in goldfish: evidence from simultaneous cinematography and
electrophysiology. J Comp Physiol 144:521-531.

75

Eaton RC, DiDomenico R, Nissanov J. 1988. Flexible body dynamics of the goldfish Cstart: implications for reticulospinal command mechanisms. The Journal of
Neuroscience 8(8):2758-2768.
Eaton RC, Emberley DS. 1991. How stimulus direction determines the trajectory of the
Mauthner-initiated escape response in a teleost fish. Journal of Experimental Biology
161:469-487.
Fulton CJ, Bellwood DR. 2001. Ontogenetic habitat use in labrid fishes: an
ecomorphological perspective. Marine Ecology Progress Series 236:255-262.
Fulton CJ, Bellwood DR, Wainwright PC. 2005. Wave energy and swimming
performance shape coral reef fish assemblages. Proc R Soc B 272:827-832.
Gerstner CL. 1999. Maneuverability of four species of coral-reef fish that differ in
body and pectoral-fin morphology. Canadian Journal of Zoology 77:1102-1110.
Hale ME. 1996. The development of fast-start performance in fishes: escape kinematics
of the Chinook salmon (Oncorhynchus tshawytcha). American Zoologist 36:695-709.
Hale ME. 2000. Startle responses of fish without Mauthner neurons: escape behavior of
the lumpfish (Cyclopterus lumpus). Biol Bull 199:180-182.
Hale ME, Long JH, McHenry MJ, Westneat MW. 2002. Evolution of behavior and neural
control of the fast-start escape response. Evolution 56:993-1007.
Howland HC. 1974. Optimal strategies for predator avoidance: the relative importance of
speed and manoeuverability. J Theor Biol 47:333-350.
Johnson TP, Cullum AJ, Bennett AF. 1998. Partitioning the effects of temperature and
kinematic viscosity on the C-start performance of adult fishes. The Journal of
Experimental Biology 201:2045-2051.
Kimmel CB, Eaton RC, Powell SL. 1980. Decreased fast-start performance of zebrafish
larvae lacking Mauthner neurons. J Comp Physiol 140:343-350.
Love MS, Mecklenburg CW, Mecklenburg TA, Thorsteinson LK. 2005. Resource
Inventory of Marine and Estuarine Fishes of the West Coast and Alaska: A Checklist
of North Pacific and Arctic Ocean Species from Baja California to the Alaska-Yukon
Border. U.S. Department of the Interior, U.S. Geological Survey, Biological
Resources Division, Seattle, Washington, 98104, OCS Study MMS 2005 030 and
USGS/NBII 2005-001.

76

Miller DJ, Lea RN. 1972. Guide to the coastal marine fishes of California. California
Department of Fish and Game Fish Bulletin 157:249 p.
Tarp FH. 1952. A revision of the family Embiotocidae (the surfperches). Calif Div Fish
Game Fish Bull 88.
Tytell ED, Lauder GV. 2002. The C-start escape response of Polypterus senegalus:
bilateral muscle activity and variation during stage 1 and 2. The Journal of
Experimental Biology 205:2591-2603.
Tytell ED, Lauder GV. 2008. Hydrodynamics of the escape response in bluegill sunfish,
Lepomis macrochirus. The Journal of Experimental Biology 211:3359-3369.
Webb PW. 1984. Body form, locomotion and foraging in aquatic vertebrates. Am Zool
24:107-120.
Weihs D. 1973. The mechanism of rapid starting of slender fish. Biorheology 10:343350.
Williams PJ, Brown JA. 1992. Development changes in the escape response of larval
winter flounder Pleuronectes americanus from hatch through metamorphosis. Marine
Ecology Progress Series 88:185-193.
Williams PJ, Brown JA, Gotceitas V, Pepin P. 1996. Developmental changes in escape
response performance of five species of marine larval fish. Can J Fish Aquat Sci 53:
1246-1253.

77

CONCLUSION
Interestingly, no potential tradeoffs in swimming performance were observed
among the four species of surfperches selected for this study. Barred surfperch achieved
the greatest body bending and reached the fastest velocities; they had the lowest angle of
attachment of the pectoral fin. It would be incorrect to claim that the ecomorphological
paradigm was “busted,” yet form did not seem to fit the function observed among these
four species.
Barred surfperch occupy the surf zone, a high-energy habitat that constantly has
waves propagating through the area. In order to maintain their position in the water
column, barred surfperch must have a high metabolic rate to withstand the constant
pounding of the surf. With waves sloshing back and forth, it seems intuitive that barred
surfperch would be highly maneuverable. Also, with high metabolic rates, as observed in
the Ucrit experiments, they reached the fastest speeds. With these high levels of
swimming performance, it is very interesting that the aspect ratio of their pectoral fin was
not the highest, but third of the four species. Their pectoral fin morphology did not
conform to that as observed in similar studies, where labriform fishes with the highest
aspect ratio of the pectoral fin reached the fastest swimming velocities (Fulton et al.,
2001; Wainwright et al., 2002; Walker and Westneat, 2002; Fulton et al., 2005). The
opposite trend was observed in the present study.
There are much needed investigations into the flexibility, stiffness, resilience, and
other material properties of soft rays of the pectoral fin. Studying these biomechanical
properties of the pectoral fin will allow us to better understand the limitations to their
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kinematics. Determining maximum bending before structural failure of the soft rays will
allow us to understand the physical limits of fin rotation.
Knowing that the pectoral fin is flexible and highly maneuverable, we must
investigate how the fin shape deforms during power and recovery strokes. The potential
change in the functional angle of attack may be the reason for the differences in the
swimming ability observed among the four species of surfperches. It will be important to
analyze fin beat frequency to determine how the pectoral fin deforms its shape to reduce
drag and increase thrust during the power stroke, which may be telling in how
surfperches with higher angles of attachment of the pectoral fin may reach fast speeds.
Another important study to conduct would be to measure the metabolic conditions
at the onset of burst-and-glide behavior. To this date, no researchers have investigated
whether it is a combination of the pectoral girdle and caudal fin muscle complexes that
have gone anaerobic, or just on at the time of this behavior. Fiber-typing these muscle
complexes would prove to be important in order to better understand how and when
labriform fishes transition from aerobic to anaerobic swimming.
Knowing the percentage of the pectoral girdle musculature in relation to total
body musculature is important to understand possible limitations to swimming
performance. Pile surfperch have a highly specialized pharyngeal jaw apparatus in order
to crunch hard prey items. The evolution of musculature used for that feeding ability
may have allowed for a reduced amount of space for muscles used for labriform
swimming.
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An ongoing study includes researchers investigating potential size effects on
swimming performance of black surfperch (Perlman and Basilio in prep). Because the
four adult species selected for this study were of different body sizes both intra- and
interspecifically, a more detailed analysis of size effects on an intraspecific level is
important to understand if swimming performance varies. Ontogenetic experiments were
also included to determine if different life history stages affect swimming performance,
as indicated by Ucrit.
As for the C-start escape response, we now have a solid baseline dataset at known
temperature values. With fluctuating ocean temperatures, the metabolic rates of
surfperches, which are temperate fishes, will certainly be affected. Rises in ocean
temperatures will affect their physiological performance, thus altering their escape
responses. Predator-prey interactions and feeding strategies of predators may change as
fast-start responses are influenced by temperature. Studying escape responses and fast
starts on adult marine fishes along a temperature gradient will provide insight into how
predator-prey interactions may be altered due to climatic changes.
There is much to be gained from the family of surfperches. As a small
commercial fishery and popular recreational sport fish, demand on these fishes will only
increase with the exponential growth of human populations. Learning as much as we can
about their morphology, physiology, ecology, and evolutionary history will help us to
best understand the Embiotocidae and how they fit into the greater lineage of fishes.
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Appendix A
Table A.1. Preserved specimens from the collections in the Department of Ichthyology, California Academy of
Sciences, San Francisco, California.
Genus

species

Group

Category #

Location caught

Date

Cymatogaster
Cymatogaster
Cymatogaster
Amphistichus
Amphistichus
Amphistichus
Brachyistius
Brachyistius
Brachyistius
Damalichthys
Damalichthys
Damalichthys
Embiotoca
Embiotoca
Embiotoca
Embiotoca
Embiotoca
Embiotoca
Hypsurus
Hypsurus
Hypsurus
Hyperprosopon
Hyperprosopon
Hyperprosopon
Hyperprosopon
Hyperprosopon
Hyperprosopon

aggregata
aggregata
aggregata
argenteus
argenteus
argenteus
frenatus
frenatus
frenatus
vacca
vacca
vacca
jacksoni
jacksoni
jacksoni
lateralis
lateralis
lateralis
caryi
caryi
caryi
ellipticum
ellipticum
ellipticum
argenteum
argenteum
argenteum

193
C 54
-193
193
193
---C 54
C 54
C 54
193
193
193
193
193
193
193
C 54
193
193
193
193
193
C 54
C 54

CAS 225281
25528
17882
SU
CAS 14241
CAS 14241
11378
W49-406
W49-406
26142
26142
23590
-CAS 225260
CAS 213614
CAS 17774
CAS 29571
CAS 29777
-25003
-CAS 212455
CAS 212455
CAS 212454
CAS 225258
25235
25235

inner harbor at Estuary Park, Oakland (San Francisco Bay)
Millerton Gulch (NE side of Tomales Bay, Marin County)
Crown Point, Mission Bay (San Diego County)
sandy beach inland from point, Punta Banda, Baja CA
beach seine 28° 56.2 N, 144° 31.7 W, Baja CA
beach seine 28° 56.2 N, 144° 31.7 W, Baja CA
off of Summerland, CA
~1 mile N of Portuguese Bend Pier (L.A. County)
~1 mile N of Portuguese Bend Pier (L.A. County)
Tomales Bay, CA
Tomales Bay, CA
Duxbury Reef (Marin County)
Monterey breakwater (Monterey County)
Fort Point Pier, San Francisco Bay
near Fort Point, San Francisco Bay
Shell beach ~5.5 miles N of Bodega Bay (tidepools)
1st reef point N of Mendocino, S of Jack Peters Creek mouth
2nd major reef projection, N of Shelter Cove (Humboldt Co.)
Drakes Bay, CA
Santa Barbara, CA
near Fort Point, San Francisco Bay
San Pedro, CA (on seiners)
San Pedro, CA (on seiners)
-Fort Point Pier, San Francisco Bay
Sunset Cliffs, CA
Sunset Cliffs, CA

6/4/2007
9/19/1948
2/25/1945
9/8/1949
10/3/1970
10/3/1970
12/8/1943
1949
1949
7/1/1955
7/1/1955
5/16/1964
6/2/1971
2/18/2007
12/25/1957
1/21/1964
8/1/1965
8/26/1965
2/6/1963
1946
12/25/1957
Jan-47
Jan-47
1972
2/18/2007
6/18/1947
6/18/1947
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Continued on the next page…

Table A.1. (Continued).
Micrometrus
Micrometrus
Micrometrus
Hysterocarpus
Hysterocarpus
Hysterocarpus
Zalembius
Zalembius
Zalembius
Micrometrus
Micrometrus
Micrometrus
Rhacochilus
Rhacochilus
Rhacochilus
Phanerodon
Phanerodon
Phanerodon
Phanerodon
Phanerodon
Phanerodon
Hyperprosopon
Hyperprosopon
Hyperprosopon
Amphistichus
Amphistichus
Amphistichus
Amphistichus
Amphistichus
Amphistichus

aurora
aurora
aurora
traski
traski
traski
rosaceus
rosaceus
rosaceus
minimus
minimus
minimus
toxotes
toxotes
toxotes
atripes
atripes
atripes
furcatus
furcatus
furcatus
anale
anale
anale
rhodoterus
rhodoterus
rhodoterus
koelzi
koelzi
koelzi

--193
193
193
193
C 54
--193
193
193
C 54
C 54
54
193
193
193
193
193
193
193
193
193
-----193

19547
19547
CAS 212355
CAS 45490
CAS 212527
CAS 212527
26590
EI-1833-1846
EI-1833-1846
CAS 225288
CAS 212372
CAS 212372
26143
26143
48883
SU 68876
CAS 51283
CAS 51283
38748
CAS 31829
CAS 31829
38747
CAS 31828
CAS 31828
---F 51-7
F 51-7
CAS 82491

0.8 miles N of Punta Descanso, Baja CA
0.8 miles N of Punta Descanso, Baja CA
Williams Cove, Santa Cruz Island, Channel Islands, CA
Clear Lake, CA (Lake County)
San Joaquin River (Italian Slough 6 miles NW of Tracy, CA)
San Joaquin River (Italian Slough 6 miles NW of Tracy, CA)
off of Santa Monica, CA
~3 miles NW of Tomales Point, Bodega Bay, CA
~3 miles NW of Tomales Point, Bodega Bay, CA
Half Moon Bay harbor pier and rock jetty, CA
Whites Point 100 yards N of Main Point (L.A. County)
Whites Point 100 yards N of Main Point (L.A. County)
Tomales Bay, CA
Tomales Bay, CA
just beyond PG&E intake by Morro Bay rock (SLO County)
San Francisco Bay
2 miles off of Redondo beach at 100 ft depth
2 miles off of Redondo beach at 100 ft depth
Monterey Bay (depth 20-40 meters via 26 ft otter trawl)
Gulf of the Farallones (3 miles offshore)
Gulf of the Farallones (3 miles offshore)
Monterey Bay (depth 20-40 meters via 26 ft otter trawl)
Gulf of the Farallones (3 miles offshore)
Gulf of the Farallones (3 miles offshore)
Monterey Bay
Monterey Bay
Monterey Bay
Muir beach, CA
Muir beach, CA
Beechers Bay, Santa Rosa Island, Channel Islands, CA

11/21/1945
11/21/1945
3/11/1950
6/6/1962
6/21/1969
6/21/1969
6/21/1953
8/20/1971
8/20/1971
6/17/2007
6/2/1949
6/2/1949
7/1/1955
7/1/1955
10/30/1955
2/28/1916
9/23/1935
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Appendix B

Figure B.1. Temperature fluctuations in holding tanks.

Figure B.2. Temperature fluctuations in the flume.
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Figure B.3. Fluctuation of dissolved oxygen (mg/L) in the holding tanks.

Figure B.4. Fluctuation of dissolved oxygen (mg/L) in the flume.
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Appendix C
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Figure C.1. Mean ± SE stage 1 duration (sec) versus body length (cm). Pile
surfperch surfperches took the longest amount of time to complete stage 1, whereas
shiner surfperch reacted the fastest. Barred and black surfperches were not
different from one another, with both achieving intermediate speeds during stage 1.
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Figure C.2. Mean ± SE stage 1 duration (sec) versus pectoral fin angle (degrees).
Piles took the longest amount of time to complete stage 1, with shiners escaping in
the fastest amount of time.
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Figure C.3. Mean ± SE stage 1 duration (sec) versus pectoral fin aspect ratio. Piles,
which had the highest AR, took the longest amount of time to complete stage 1.
Shiners completed stage 1 the fastest, having the lowest AR.
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Figure C.4. Mean ± SE stage 1 angle (degrees) versus body length (cm). Barred
surfperches had the greatest angle of body curvature, with shiners, blacks, and piles
all bending at the same angle.
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Figure C.5. Mean ± SE stage 1 angle (degrees) versus pectoral fin angle (degrees).
When organized along this gradient of fin angle, surfperches that had a lower fin
angle had a greater amount of body bending, whereas surfperches with higher fin
angles achieved a lower angle of bending.
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Figure C.6. Mean ± SE stage 1 angle (degrees) versus pectoral fin aspect ratio.
Piles, which had the highest AR, achieved the least amount of bending. Barred
surfperches had an intermediate AR and the greatest bending.
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Figure C.7. Mean ± SE stage 2 duration (sec) versus body length (cm). The larger
surfperches took a longer amount of time to complete stage 2 than the smaller
surfperches.
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Figure C.8. Mean ± SE stage 2 duration (sec) versus pectoral fin angle (degrees).
Piles took the longest amount of time to complete stage 2, with barred, shiner, and
black surfperches all taking relatively the same amount of time.
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Figure C.9. Mean ± SE stage 2 angle (degrees) versus body length (cm). There was
no trend among the four species in terms of body size and bending in stage 2.
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Figure C.10. Mean ± SE stage 2 angle (degrees) versus pectoral fin angle (degrees).
There is no obvious trend in body bending in stage 2 with respect to species with
different angles of insertion of the pectoral fin.
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Figure C.11. Mean ± SE C-start escape response (sec) versus pectoral fin angle
(degrees). Pile surfperches, with the highest fin angle, were the slowest to escape.
No difference in escape response duration occurred with barred and black
surfperches. Shiners escaped in the shortest amount of time, having an intermediate
angle of the pectoral fin.
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Figure C.12. Mean ± SE Escape trajectory angle (degrees) versus body length (cm).
Barred surfperches had the greatest ETA, with shiners, blacks, and piles having the
least bending during the escape response.
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Figure C.13. Mean ± SE Escape trajectory angle (degrees) versus pectoral fin angle
(degrees). Barred surfperches, which had the lowest fin angle, achieved the greatest
amount of body curvature. Piles, with the highest fin angle of insertion, had the
least body curvature during the escape response.
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Figure C.14. Mean ± SE peak angular velocity (deg/s) versus body length (cm).
Barred and shiner surfperches achieved the fastest peak angular velocity, followed
by blacks, and then piles.
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Figure C.15. Mean ± SE peak angular velocity (deg/s) versus pectoral fin angle
(degrees). Barred surfperch, with the lowest fin angle, reached the fastest peak
angular velocity. Pile surfperch, with the highest fin angle, had the slowest peak
angular velocity.

